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Preface- ; 



. > . . - 

\' • 

The possession of a sufficient stock of highly qualified scientists and techno : 
Jogists is increasingly recpgnized as one erf the .essential pje- conditions for 
national economit and social development However, science ahd tedhno- 
logy are advancing so rapidly that" many countries encounter 'serious prob- 
lems in thejr efforts to educate and train such personnel, and this especially . 
\y * true of engineers. , v < * ^ 

As a contribution to^the solution of this problem, the Gerferal Conference of 
Unesccj, at its sixteenth session, authorized the carrying out of case studies on. 
^basic standards in engineering education. Atthesamesessiorf, workon Keen- 
er sing andUegisfration controls in the engineering profession wasaTso authorised 
The publication of a series of studies'on the educatibn of engine6rs was under- 
taken within the programme of work thui<lef ined by the General Conference. 

* The studies should not be regard ed as exhaustive , nor s hould the reader 

expect to find in them definitive solutions to particular problejns. Bather/ it " 
isljoped that the discussion of softie present-day topjes in 'engineering 
education and training, and the bringing together of comparative information . 

♦ fr°n > Jna'ny countries in these yolume^iljjead to refaction and innovation, ; 

_ . present foork is devoted to standards for engineering qualifications., \, 

Jn recent year? there has been widespread discussion, particularly in Europe, .. 
on this subject. The close economic and social integratioa of countries^ . 
theyEuropean Economic Community has been one factor in promoting this ; 
. reappraisal, especially as it relates to the free movement pf workers,, The, . * 
problems associated with the mutual recognition of enginedrjnd quaKfic&-.. 
tipos are stilf^being resolved, and the recent enlargement of the Community 
A has addedoa further dimension to the debate, c; - ./. \ *y * 
The standard pf engineering qualifications has also become ati impQ(tdnt ; ' 
issue within some European .cojuotries,' where major changes in thqafafcttire . t \ 
of higher technical education have o^en made or are proposed, as in France, . ?! 
9 the Federa! v Republic of Germany and in Spain. .One important trend, has j * 
faeentpwards the creation of new courses and qualifications at th$ level of y 
:tecffnologist or technician engineer, in a wjde variety 6f fields* t 

The identification of basic standards in engineering education, now #f 1. 
topical concern in Europe, 1s also^of interest to mfiny other countries whose V 
systems of engineering education were originally based <5n those in Europe. 
Furthermore, efforts to establish regionaF ^jreements for the mutual recog- 
nition^of engineering qualifications are being made in several regions 
outside Eutope, and thus discussion of progress being madain -Euippe is of 
value to these other region$. .. , • . o; *V- V 
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v Tjiis study was prepared, at the request of Unesco, by the European 
Federation of National Associations of Engineers (FEANI), The federation 
was formed in 1 951 and how groups the,engineering associations of eighteen 
countries, representing, a total 0^.650,000 engineers. 

v FEANI's activities in the field of professional educaticTn and training 
irrclgde the work of }ts % specialized committee on training as well as the 
series of meetings which the federation has held on training matters, includ- 
ing the j^tUnesco/FEANI seminar in Helsinki in 1972 which is the subject 
of another volume in this* series.^ \ 1 

^,The opinions expressed in the study are, of course> not necessarily those 
of'l/nescb, and the Organization is not responsibl^for the choice and pre- 
sentation of the facts used to' support or illustrate the ideas put forward. 

Unesco wishes \o thank all those who have contributed to this study, and 
particularly Professor Broida and the members of the secretariat of FE^NI, 

, whose contribution was substantial and \fthose ready co operation has be'en 
greatly appreciated. * 
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Difficulties of terminqlogy and cfefiriitioh 

, According to the content the term 'engineer' brings to mind either of two 
completely different interpretations, (a) that of the holder of f a diploma of 
higher technical eclucation--that is, the qualification of^ngineer, or (b) that 
of a person occupying an engineering post in industry— in otljer words the 
function of engineer: ' m 

In fact, there is af times only a somewhat loose direGt connexion between 
the qualification of engineer and the functions actually performed.' 

lathe first. place, not all^of those who, successfully complete a higher 
technical course leading to an engineering qualification 'devote the whofe of 

. their professional carpers to engineering.^ Is there a technical university or 
technical college which does not coynt tradesman, clergymen, rural land- 

.owners, artists, etc./- among its former students? • 

Then, in many coiAitries the right to call oneself an engineer is not 'regu- 
lated by Jaw, and anyone* may do so without running the risk pf legal action, 
this does not mean that a man may with impunity claim to be a qualified 
engineer of a particular university or higfier technological institution which 
in fact he hasjnever attended,' or has left before qualifying. « 

However; apart from the^questjori of the pQS§it?le misuse of an engineering 
qualification— |which is, after 1 all, etfceptionjjMhere are many people in 
industry who perform the functions of an engineer without ever having 
obtained an engineering qualification on leaving uoiversity, technical^pllege* 
or a Stat@ recognized institution. These are people who have acquired 
equivalent skills elsewhere than at university or higher technological , 
institution, o'ften as the result of considerable persona Teffort. In some 
countries these non -.qualified engineers may acquire' a certificate 'from a 
State-recpg'niied institution testifying to their aptitude. ' . 

'On the other hand>, there are' people who have acquired neither an 
engineering qualification nor the equivalent skills,, but who make up for 
this lack to some extent by a thorough inside knowl^dgfc of the particular 
firm for wjijch they work, its special techniques, practices and 'climate'. 
' The basic difference between a nonqualified engineer and these latter 
people emerges clearly when one of them prepares to leave the firrp which 
has beep employing him to join another firm. The non qualified engfrieer, 
even if "he is sometimes handicapped in looking* for new employment by 
the absence ojf a diploma,' does eventually find it, thanks to his skills .which 
are equivalent, to those of a qualified epgineer, but the person who has lost 
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his main asset, namely "his thorough knowledge of the jnside workings of a 
particular firm v\/hich he is abOiJt to leave, is hfeavily handicapped by hi§ 
inadequate general knowle dge o f the engineering profession, an inadequacy 
which he had thus far succeeded in offsetting. ' 

Two questions arise. immediately concerning engineering qualification 
standards./ , . e I . % 

The first, relatjjig to qualified engineers, is as follows, which are the 
"Hnstitutiops .whose diplomas can jeally be deemed to confer the qualification 
oKengineer, and which are those whose diplomas should ba regarded rather 
as/conferring a technical qualification in a different category from that of a 
qualified engineer? The same question might be put in a different way. 
•where does the qualification of engineer begin, and where does it end? 

Thi^ first question, at first sight very simple, is by" no means^so, in fact, 
because of the terminologies used by .different countries to designate the 
product of an institution of higher technical ecJufcation. ' 

The same product, the result of roughly the sam£ education, is called a 
'technician engineer' in one country and a senior technician' in another, 
this might suggest that the former i6 art engineer a*icl the latter not, whereas 
they have received a similar education. \ y . 

This ambiguous usage is, mpreover, coupled with anQther of like nature. 
Certain countries use the term 'engineer', sometimes with a qualification 
(e.g. 'civil engineer', 'technician engineer', 'Diplomingenieure', 'graduate 
engineer', etc.) to T describe .people ho. have acquired different leyels of 
education. To add to the complication,Jhe term 'graduate engineer' is used, 
in other countries to describe a professional technologist above a certain 
level who holds a degree recognized* by the State. # « 

These inconsistencies highlight, the need to avoid relying unduly on th? 
name given tp a diploma, .and to seek qualification standards or criteria.. 
9 wjiich can be applied to different" countries. * 

Th^second question, relating to non-graduate dnginee$, is as follows, 
where does the qualification of a non graduate engineer begin, .and where 
doesitenfj? » j 

The complexity of this question is easy to grasp. Yet as early'as 1951 
Switzerland set up a national register which regulates the use of professional 
qualifications." This register is open to professionals who have passed t a 
professional, i.e. non' academic, examination held in the actual conditions 
in which th£y exercise their profession. As for those who hold an academic 
qualificpfiori,.they may be enrolled on the same register simply upon request 
and^n&turally, without any preliminary examination other than submission^ 
of their credentials. ♦ « v 

Another country, the United Kingdom, set up in 1 964 a national registration 
* system known as the.Engineers" Registration Board (ERB), Substantially the. 
same as the Swiss national^ register, the British national register nevertheless 
differs in spirit. F6r whereas in Switzerland the general rule is that a diploma 
is produced, the case'of the non graduate being the exception, in the United , 
Kingdom the academic standard requirecj fc* admission as a*" chartered 
^engineer (CEI), is, on the contrary, the Council of Engineering restitutions 
^ (QEI) examination, diplorr^s^jnga«ceptedbnly if they quality forOfemption 
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from taking tjnis ^examination. This will bring us~lajer cm to speak of the 
British system (based on a professional examination, which is moreover a 
very difficult one), by contrast with the Continental system' (based on an 
academic di#oma). 1 

At the European level, it was'only natural that an attempt ^hould be made 
to find a practical solutioh to the very confused situation arising out of a 
great variety of national practices and legislations. This was essential in, 
order to enable engineers frorp one country to settle in another. 1 

FEANI began in 1954 to study the possibility of establishing a Europeap 
Register of 'Higher Technical .Professions, this international register wa5 
introduced gradually, and began to operate on 1 January 1970 for engineers 
and senior technicians seeking to leave their home countries., v * , 

It is largely on the basis of the experience $us gained by FEANl that we 
shall try to clarify the subject. x • 



1.2- Conventional definitions adppted 

» t The worjn of the European Econonr^a Community (EEC) preparatory t6 the 
signing of the Treaty of Rome, linkin^Belgium, France, the Federal Republic 
, of Germany, Italy, Luxembourg and the Netherlands (subsequently joined by 
Denmark, Ireland and the United Kingdom) included the establishment of 
Y three draft directives concerning engineers j/vithin the countries of the Cbfri- 
,mumty. Draft Directive No. 2 provides for three groups 6f standards qualifying 
for engagement in and the exercise of non-wageearning activities^ in 
j research, design, consultation and applications in the field of technology, 
articles 1, 2 and 3 respectively of this'draft directive contain definitions which 
seem tq be very clear. 0 \ ^ 

We believe that a distinction should be* drawn between the following 
, »• three.categories of technical professions: 

Category d, roughly covering 'conception engineers'. 1 These are techno- 
logists .who are accustomed to think in abstract terftis, to take a Synthetic 
view of events which are not obviously Jinked together and to demonstrate 
a sufficient degree of creativity /they also have, of course, a sufficient 
degree of practical knowledge in order to be realistic and nojt limit them- 
v selves to theoretical speculations. * 
Category L, roughly covering liaison engineers or senior technicians'. These 
are technologists who provide the link between 'conception engineers' 
(whose predominant competence is theory) and 'execution technicians' 
(whose predominant competence is practice). The 'liaison engineers or 
. senior technicians' are, therefore, capable of understanding abstractions 
and of translating them into practical language, thus forming the essential 
bridge! between the other two equally essential categories. 
Category E, roughly covering execution technicians'. These are techno- 
logists who carry Out and are responsible^fOr the execution of projects 

; * : 

1. Neoioguma introduced by (ho General Secretarial of FEANI for the sake of clarifying tho rotpettfvo ittribu 
None of the throo proposod categories of technological professloni. 
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initially conceived by the conception engineers' and then adapted to the 

practical realities of industry by liaison engineers or senior technicians'. 
Needless to say. *the respective qualifications for the threp^ategones of' 
technical professions will he'those which are necessary and Sufficient for 
the^uli exesfcise of the functions- defined above for each of these categories. 

The wqjking -method. adopted here will consist in defining these very 
general ideas in-successiVe stages. ,* • ^. 

First, a comparison will* be made between the criteria stemrrfing from 
EEC Draft D^ective No. 2. the FEANI European Register of Higher Technical 
Professions* and the Bntisrnnational register of the Engineers' Registration 
Board (ERB). * . " • . 

•An attempt will then bet mtede td Reduce pragmatically from the views 
prevailing in the various European countries, a type'of educatiop and above 
all. criteria for qualifications, which should be considered as representative 
•prototypes for each of the three categories C, L and E. These will be set out 
*in Chapter 3 (Sections 3.3 and 3.4). (a) for category C in connexion with 
•the example of the Belgian mg6meurs civifs and the German Diplominge: 
meure, (b) for category L, in connexion with the example of the. Finnish 
engineers (as fJistmct from graduate engineers^ of the same country), (c) 
for category E, in connexion with the example of tfje British 'techniciar\s\ 



, CATEGORY C -(conception) 

C-7. Definition in Article 1 of the EEC Draft Directive No. 2 * • 

A diploma awarded on Successful completion of a fu(i course of studies of. at least four 
years taken at university >n the discipline corresponding to v the activity concerned. 

A certificate attesting the actual performance of the activities concerned for at least two 
years after the award 6f the diploma. ; 

C-2 Definition m section A* of the fEANl European Register of Higher Technical Pro 
fessiofls * j * 

Qualified engineers from schools providing a complete scientific and technological educa 

tion at university IevetT~~ * ( • 

Admission to these schocus is at the levei of the examination giving access to university 

education. • 

C-3. Definition of chartered engineer' m the British national register of the ERB 
Minimum age: 25. 

A pass mark in the examination in applied science ^eld by the Council of Engtneenng 
Institutions (CEI; in accordance with the councils regulations, or a pass mark m any 
other university examination or test acceptejj^by fcEl as being of at least equivalent 
ievft (the university levei of the examinations and tests held or accepted by CEI 
* t is'not less tK&n that of the Degree in Engineering),. 

Practical training m the engineering p/ofession. or functions which make it possible to 
acquire such training, meetmg the practical tracing criteria established by the CEI 
member institution and complying ^th the general principles adopted by the CEI. 

At least two years experience m a post considered by the CEI member institution to entail 
professional responsibility, provi^^ed^atthe.tutajamoufit of the period of this professional 
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experience and the period of practical tram.ng referred^o above is not less than- three ' 
years * * f 

4 ' 

_p6mmen{s on category^ (conception) 

< f 
C-1*and C-2 are much on the same lines as regards the level foradmrssion, 
the length of education (at least four years of university education, including 
complete scientific and professional training) and its nature (university level). 

C-1 innovates m comparison with C-2 in that it requires the actual per- 
formance of the activities in question for at (east two years after passing 
the final examination, ^ 1 

System C-3 which at first sight appears to reflect a different approach, is 
in fact similar tcx C-1 and C-2 the length and nature of the education required 
are comparabfe with that for the Degree in Engineering. It should be noted 
that, as with C-1, two years' professional experience is required. 

System C-3 'seems to attach more importance to practical training. In 
some cases this may be only a superficial impression, since some continental 
countries include practical teaming during the period of university studies. 

The nature of the education, which play 5 ! a great part in the qualification 
standards, vvill be illustrated by examples in Chapter 3, ir\ particular as 
regards the Belgian ing6nieurs civils. c 

CATEGORY L (haison) 

L - 1 . Definition in Article 2 of the ££C Draft Directive No, 2 K* ' ) 

A diploma awarded on successful completion of *a full course of studies of at least rbree 

years at a higher technical institution in the fteid of study corresponding to the actiWy 

concerned. - * 

This course should be preceded by the successful completion of at least twelve years 
* education, including studies and practical training. 

A certificate attesting the actual performance of the activities concerned- for at least two 
' years after passing the final examination. 

12. Definition in the FEANI European Reo^fter of Higher Technical Professions 
L-2.1 : Definition in section Ab of the register 

Graduates of schools that provide a less expensive but more practical scientific and 

technical education lasting at least three years. 
Admission to these* schools is at the same level- as university entrance. v , 

* * L -5.2. Definition infection Bs of the register 

Gtedeates of a higher technical schoot'providing a course of at leasuhret years duration, 
and who have obtained a minimum of three years practical expenence before, dunng 
or after the course. • 
^ Admission to these schools is at a lower level than the examination giving access to 
university, and the studies are generally -mainly »n specialised technical and scientific 
subjects with a practical bias. % 

L 3 Definition of technidsn engineer m the British nat/onaf register of the £RB % 
■ » 
Minimum' age 23. • 

4 Academe qualifications at a level at leetet ecjual to that of the Higher National Certificalo 
^ or the City and Guilds Full Technological Certificate (four years part-time technical 
education) and approved*by the Office of the EBB and CEI. 
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Five years minimum ^professional experience tn the engineering profession tvvo of which 
must have^ been spent on practical tra>n»ng both experience and training to be recognized 
by *he Office of ;he ERB and CE! 

- ' ^ • ' . • v . . 

Comrnents on category L (hajson) 

Hererthe Similarities betyveen the Systems are less obvious It should be borne 
in mind that the EEC system is stiH urtder discussion, that it has been devised , 
comparatively recently and that *t takes mto account a fairly general trend 
in most countries with regard to educatton/This is not the case with the 
FEANI system devised some ten to fifteen/years ago, which was based on 
practical experience of the situation at that time, and subsequent devel- 
opments. 

The admission requirements for L-1 as* perhap9 less stringent thtfn fQr 
L-2.1. The opposite is true of L-2.2. ' 

The length of studies and their practical bias are the same in both cases, 
but it is obvious that the L-2.1 education is 'rnore advanced, than L-2 2 
' Briefly, the question is whether L-1, L-*2.1 and L2 K 2 all correspond to the 
general notion of liaison engineer or senior technician. It^eems that the 
answer is in the affirmative. 

Thikreisnodouttfthat the differences due to tne ways in which systems of 
education and training have developed wilf gradually disappear 

It wjI! be noted that. h$re.\od> L-1 innovates by introducing the criterion 
of the actual performance of the activities concerned for at least two years 
after leaving the educational institution. 

It is fairly easy to dravy a parallel betyveen L-3 and L-1, though the former 
obviously attathes far greater impoh^nce to professional practice. 
. Also for category L, a specific example will be given as a prototype (see 
Sections 3 3 and 34) in connexion with the example of Finnish professional 
* technologists in category L. 

CATEGORY E (execution) 

£. 7. Definition in Article 3 of the EEC Draft Directive No. 2 

' A certificate attesting that the holder has completed at least thirteen years' education in a 
State-recognized technical school, including as a final stage a complete course of at % 
least* two years fulUtirrte technological edOCat»on in fhe Subjects corresponding to 
the activity concerned. ^ 1 

A certificate attesting the actual performance of the activities concerned for at least two 
. % years a.ftef' completion of the techroologrlfcj.sducation. 

E-2 Definition in the FEANfeurbpean ftagifter of Higher Technical Professions 

For the time being there is no definition. * 5 

E-3 Definition of techmcien m the British netiOhei register of the ERB 
Minimum age* 21. 

Academic .qualifications at a level at least equivalent to that of the Ordinary National 
Certificate or the City and Guilds Part 11/ Final Technicians Certificate (two or three 
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years part time technological education; and approved by toe Office of the ERB and 
CEl (unless otherwise decided by the Office and CEI) 
A minimum of three years experience in the technological f»eid two years of which should 
have been spent on practical training recognized by the Office of the ERB and CEl 



Comments on category E (execution) 

The FEANI register, which is, restricted 'to higher technical professions, 
stopped short of defining this category, though the'possibiiity was contem- 
plated 

Draft ^Directive No 2 aimed at covering a wider range of professional 
technologists at a larger number of levels There is no basic contradiction 
between them 

System £-3 fits in fairly well with E-V. > 
Examples will be gitfen in Chapter 3 illustrating the education of profes- 
sional technologists in this category (in particular, the example of the train- 
ing of British technicians), 

^ Of course, industry has as much need of exeeution technicians (cate- 
gory E) as of conception engineers' (category C) and particularly of liaison 
engineers or serlior technicians' (Category L), without whom collaboration 
between the two preceding categories would undoubtedly give rise to many 
difficulties. * 

furthermore, divisions exist in many countries (to begin, with, in the 
United Kingdom) which are identical or atJeast similar to the three categories 
C, L and E. In countries where this is not the case, the definitions of Jhe 
three categories given above will make it easier to describe the real state of 
the divisions to be found in each of these countries taken separately, by 
noting how and where they differ from these three pre-defined categories. 

In conclusion, it may be noted that the results of the studies undertaken 
by FEANI (dating back to 1954), the EEC (dating ba<?k to«1964) and the 
United Kingdom CEI (dating back to 1964) are in general agreement, except 
where tfiere have been subsequent factual developments 



1.3 Aims of the studyland working methods 
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The present study has the tNvofoId aim of (a) providing basic qualification 
standards for the categories of technological careers which we have just 
defined, and (b) providing criteria fot evaluating education programmes for 
each of these categories * 

In order to have as a j^asis an up to date review of tne situa'tion in each 
country, the General Secretariat of FEANI sent out a detailed questionnaire 
to the national associations of its eighteen member, countries 

Jhis questionnaire, dated 20 April 1972, was answered in varying cjegrees 
of detail by all the FEANI national associations, representing the following 
eighteen member countries Austr'ia, Belgium, Czechoslovak. Denmark, 
Finland. France, Federal Republic of Germany, Greece. Ireland. Italy. 
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Luxembpurg, Netherlands, Norway, Portugal, Spam, Sweden, Switzerland 
and the United Kingdom. • ' 

In the following pages, an attenflfr will be made to answer the two ques- 
tions raised above, concerning basic qualification standards and criteria for 
Evaluating programmes* by presetting a<chapter-by-chapter review of the 
r&phes. illustrated by the most typical examples from individual countries. 
_ In addition to this general review, the reader will be given a conspectus 
of the present situation as it exists in each of the eighteen countries under 
consideration as well as an indication of the new trends To this end, 
eighteen national monographs, each devoted to a member country of FEANI, 
are given in the Appendix. * ^ 

fri concluding this Introduction, it should be stressed that both the various 
chapters forming the review part of this reporj, and the eighteen national 
monographs to be foundjn the Appendix, refer not only to the present Situ- 
ation m these countries in general and in the individual countries in particular, 
but also to the new trends which are emerging and to which reference will be 
made whenever necessary , 
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The European Register 

of Higher Technical Professions 



Freedom of movement for engineers is one of the chief objectives which 
FEANI has set itself In doing so-, it Has rapidly become involved in problems 
of ecjucatjon, and in order to deaf with these it has found itself compelled to 
move ahead of the public authorities and to dravsrup a European Register of 
Higher Technical Professions at a professional lev&l. 

BuJ reference to education m order to regulate exchanges of professionals, 
thejr freedom of movement and their right to settle outside their home 
countries, made it necessary to fix criteria for qualifications and over-all 
standards whicri would enable these professionals to be classified according 
to competence. 

It should be noted that the fact that one is led to distinguish between 
different types of education does not imply a scale of values or the superiority 
of some professionals over others, the register booklet duly makes this point. 

The register therefore lays down over-all standards m direct relation to the 
different types of education undergone by the various professionals whose 
capabilities meet the requirements of employers, and particularly of indus- 
trialists. These capabilities, as the register states, are determined initially by 
' knowledge acquired m educational establishments, but are reinforced later 
by%xperience gamed in actual practice of the profession. In addition to this 
experience the calibre of the individual must, of course, be taken into 
account. ' ' 

As regards the academic knowledge to be measured by the over-all 
standards, one could say that it comprises a knowledge of concepts of pure 
science, as of applied science, often known as technical education, scientific 
and technical education rrtay be combined m varying proportion^ according 
to the type of education concerned. , 

Th§ register booklet published in the three; official languages of FEANI 
(French, German and English), gives the present-day structure of the register, 
this structure is not rigid. . % 

The FEANI register is made up df two groups, A and B, which may in turn* 
be divided into sections, professionals who have acquired the qualifications 
or attained the over all standards of education which correspond to these 
groups qr sections may be entered in the register. In order to make -this 
registration more effective in practice, the educational establishments have 
been classified and appear in an appendix to the booklet according to the 
type of education they provide. Possession of a diploma from an establish- , 
ment recognized. by FEANI automatically entitles the holder to be entered 
rn the register. \ 
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It has been impossible to make such reference to the type of education 
, » given in t£ie establishments which educate engineers and technicians in the 
case of the United Kingdom (which became a member of FEANI in 1965), 
Since in the United Kingdom vocational education and training in the^ 
engineering field is based on a conception somewhat different from that 
existing on the Continent The idea of a diploma is replaced by that of 
qualifications or criteria justifying the right to bear the title as the British 
understand it. as has already been said in Chapter 1, these qualifications are 
determined by passing an examination, and they give considerable weight 
to the idea of practical training and the practice of the profession 

A few details must now be given concerning groups A and B of the 
register 

, Establishments classified in group A recruit their students at the level 
of the final secondary-school examination, and provide scientific and 
technical education which is (a) comprehensive and at university level for 
section Aa, (b) srrorter and more practical, with a minimum of three years 
of study, for section Ab. % 

Group B is composed of establishments which recruit their students at 
a lower level than tha,t of the final secondary-school examination, and 
provide more specialized education with a practical bias, only section Be 
exists at present, ^comprises establishments which provide an educational 
course lasting at least three years, combined with three years of practice. 
Further sections may be added later but the register is it present confined to 
the higher technical professions 

In addition to persons who hold a dipfoma granted under the circumstances 
described ^above, persons who can furnish proof of knowledge acquired 
independently by their own efforts, and of the standard required for the 
usual educational channels, are also eligible for registration. It is customary 
to call these people self-educated , Naturally, FEANI has made arrangements 
to check the qualifications of such candidates for entry in. the register. 
These arrangements have m»de it possible, among other things, to incor- 
porate into the continental sy#<m the British criteria for.the definition of the 
various categories of professionals* in the engineering field. 

At the practical level, FEANI has adopted a decentralized system of oper- 
ation for its register^ this is obviously the best method of making it familiar, 
first of all # to the nucleus of engineers Or senior technicians, and then to 
arouse the greatest possible interest in it among the national members of 
F^ANI Each member is then expected to form a national office of the Euro- 
pean register, which, in observance of the rules set out in the booklet and 
the special measures taken by the Register Committee, is responsible for 
registrations. Nevertheless, at the FEANI level, the Register Committee 
# continues to act simultaneously as a co-ordinating, supervisory and centraliz- 

<ng body for the results obtained by the various national offices, its sessions, 
wtiich occupy a prominent position in the meetings of FE-^Nl, are closely 
followed by the international organizations which are concerned with 
FEANI s work in this field, chiefly the European Economic Community 
j (EEC) and the Organization for Economic Co operation and Development 

q (OECD), which regularly send representatives to the meetings. 
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The booklet entitled the European Register of Higher Technical Profes- 
sions, together with its appendix, whieh has already been mentioned, are 
therefore the crystallization of FEANI s efforts towards achifcvin§i freedom of 
movemenMor engineers and technicians Following^the first edition printed 
in 1965, a further edition in three languages was published in 1970, and the 
appendix was brought up to date in 1971 

As has been saicJ/the current edition is not final FEANI has no intention 
of taking up a statx position, the difficulties which it has encountered, and 
is still encountering, are there as a reminder of this fact. It therefore seems 
necessary at this point' to mention the most important of these difficulties. 

First, while governments anB on the whole in favour of FEANI's efforts, 
they do not seem to be in any hurry to adopt the co-ordinating measures 
which would make it much easier to put the register into effect, namely 
the finalizing of plans for the reorganization of higher technical education, 
standardization of the nomenclature for the various types of professionals, 
etc Even within FEANI, the results obtained since the register was launched 
on 1 January 1970 vary a great deal from one country to another. If in some 
countries the results are unimpressive, t+iis is certainly due to wholly inad- 
equate publicity. Jhose responsible are first and foremost the engineering 
associations, i e. the national members of FEANI, and in addition the public 
' authorities, to the extent that they have beier? kept in the picture by the 
former 

For the timfr being, the entering of professionals *n the FEANI register 
ts confined to candidates who wish to practise their prgfession in a country 
other than their home country This is a direct consequence of lie essential 
task which FEANI has set itself freedom of movement for its professionals. 
It is also the outcome of a drive towards simplification which mad^it possible 
to adopt practical rules for the working of the register when the new edition 
of the booklet was published (1970). 

The criteria chosen for registration, have been described above. But 
although the rules set out appear simple in theory, this is not the case in 
practice, owing to the difficulties encountered, to which reference has 
already been made. • 

First of all, FEANI has to tackle nomenclature problems, which are further 
complicated by translation difficulties. For instance, the term professional 
engineer, used in the United Kingdom, has no exact equivalent on the 
Continent What follows has already been stated in Chapter 1, but it is 
worth repeating The word engineer does not have the same meaning in 
the different FEANI countries Whereas, in France, anyone can call himself 
an ingbmeur, provided that this, is not follow^ by the word dipldm6', in 
Portugal and Italy there is an order of engineers, or its equivalent, and in 
Scandinavia the term engineer covers the whole range of highly qualified 
professional technologists The specific outcome of this state of affairs is 
that the professional, who has undergone education measuring up to well- 
defined over all standards, is called by a different name accprding^to his 
country of origin fnr ax^mnlp tha Mrnftc *g^n gra^ji^tp gnn,m 00 r technician 
engirreer and senior technician Seem to be almost interchangeable in a 
(air number of cases. 1 
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Table 1. Number of registrations in the FEANI register 
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United Kingdom 
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54 


102 
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83 
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Total 


145 


107 


252 


145 


155 


300 


120 


90 


210 



1 . Data incomplete 




A still more serious ^oblem is the uncertainty which for several years 
now has been hanging Wer'the proclaimed reorganization or the actual 
t developments in higher technical education in some countries, obviously, 
such a situation greatly hinders fTE^NPs efforts to classitytechmcal education 
establishments. * 

It is therefore difficult for FEAJ^I io take 'Specific action. 

The booklet has been able to set out only general directives which must 
be supplemented as required by spebtfic instructions adopted by the Register 
Committee. Thus, one of the proiSllms currently being examined is that of 
the registration of candidates who are in special circumstances, e.g. foreign 
professionals, nationals who have acquired their qualifications in a foreign 
country, etc. 

To conclude the discussion of the problems of registration, it may be of 
interest to know how many registrations were made'm 1970, 1971 and 1972. 
Jn 1970, 252 professionals were registered, 145 of whom were m group* A 
and 107 in group B In 1971, the corresponding figures were 300, 145 and 
1 55 At the time of compilmg .this study, hgures for 1 972" were still .incomplete 
but stood at 210, 120 and 90 respectively (scfc Table 1). In this connexion, 
it must be made dear that these numbers apply to only half the national 
members of FEANI, since the register has not yet been actually applied by 
the other half, furthermore, ^should be pointed out that the Danish hatidTial 
member alone registered 149 professionals in 1S70, 160 in 1971 and 93 *p . 
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1972. 1 Lastly, the over-all registration figures should be, compared with the 
totaAnumber of professionals affiliated to the national members of FEANI. 
6,80,550 orf 1 Japuary 1970, one reason for the low percentage of registra- 
tions is theft the number of professionals who wish to leave their own 
Countries is still very small, ' « : 

The followmg remarks will be expanded in the conclusion to the present 
work, but it seems essential to introduce them at this stage. 

It may be asserted that in the light of experience there is a very marked 
tendency to transfer educational establishments from group B to 'group A. 
This* is a result of the gradual raising of the educational level in a given 
establishment. This is a de facto situation which does not change the 
quajification criteria, but which nevertheless leads to difficulties, as already 
mentioned, when certain national members attempt to put the register into 
application. 

Arall events, the present structure of the register, taken as a whole, is 
binary in type (groups A and B) and it seems that the'trend* is gradually 
turning towards'a ternary system through the addition of a new groups with 
an 'execution' function, which will perhaps give fresh impetus to the register 
in its attempts to achieve FEANI's objectives. Here it should again be men- 
tioned that the British Council of Engineering Institutions, \vhich is to all 
intents and purposes the British natiorteflmember of FEANI, in 1971 brought 
together under its authority all chartered engineers (formerly called profes- 
sional engineers'), techniciaj^engineers and technicians, and this was done 
under the auspices of a Ro^j^Charter. At the same time, the Brussels Com- 
mission of^rhe EEC, m drafting the proposal forDirective No. 2 concerning 
engineers, favoured the adoption of three categories 'of technicians' {a 
term replaced in this study by professional technologists or professionals'). 

As FEANI has been influenced to move in this direction by one of its 
national members, and as it also knows the rfrant given to the problem by one 
of the international governmental organizations whose work it follows, it 
has no choice but to examine the possibility of changing the structure of its 
register The question has been raised. 



\ 



1 Moroovei, the Danish nil»onal committor het*announc*\i ma. .rs cn^r*?*** »t»ii» ta find posts abroad 
moir« lastly whan^hay hold a certificate of enrolmani in the FEANI register 
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3 Structure of the technological 
education system 



3.1 The three categories 



As already mentioned m the Chapter 1 not all the member countries, of 
FEAMI at present provide technological education in all three categories, 
C, L and E, since the structure of education in some cases has not yet been 
adapted to meet current needs. Consequently, we shall discuss the actual 
situation country by country taking the three categories as a basis for 
comparison/ 

The present situation is of. course explained by the individual history of 
each of the member countries of FEANI, successive variations m the structure 
of the technological education system having occurred not only without 
international, co ordination but often, too, without a reappraisal of the 
structure as a whole at the national level. New provisions were simply 
superimposed on the old ones. 

In view of the independent and often haphazard development of national 
structures, it is not surprising that the steps taken fairly recently at the 
international level with a view to finding common denominators— for instance 
the EEC's propbsed Directive No. 2 or, earlier, FEANI's Europebn Register 
of Higher Technical P/ofesstons—are not always altogether appropriate to 
the real situation in this or that country, which is a heritage of the past. 

Nor is it surprising that the countries where these international initiatives 
are almost perfectly appropriate— as, for example, the United Kingdom with 
its ERB national register— are precisely those where the stifccture of the 
technological education system has recently been reconsidered as a whole. 

In many countries the problem is further complicated by the fact that in 
some cases one must distinguish not only between a variety of technological 
professions but also between the older and the more recent degrees conferred 
by the same institution, which, 'following changes in curricula, may, for 
example, provide a more scientific and less practical education than it did 
before, although this change of emphasis does not automatically erttail any 
change in the actual degree. In such cases the pure and simple assimilation 
of an earlier qualification to a later one of higher value (or of older graduates 
from an institution to more recent ones) is obvipusly a simple and practical 
legal solution, but it does not affect the real problem, which is that of 
distinguishing between two graduates with different education. 

A few concrete examples are given below to illustrate the kind of dif- 
ficulties encountered. 
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In. France the qualification mg$nteur diplome' (certificated engineer) (Law 
of 10 July 1934), is legally conferred by 143 engineering schools .Their 
respective courses vary none the less in sOme, the emphasis being on 
conception (C>, in others, on liaison (L)— and this is a well-known fact. 
Furthermore, graduates of the university institutes of technology (IUT) who 
hold the baccalaure'at (examination giving access to university studies), 
that is, who have completed thirteen years of primary- and sedondary-schbol 
studies followed by two years of technological studies at university, are 
products of the L emphasis, although tjiey do not meet the L-1 or L.21 or 
1.2.2. or L-S criteria to the lette;.* ■ 

In Czechoslovakia, there are only engineering schools (category C),anB 
schools for technicians (categpry E). This binary pattern does not exist in 
sixteen other FEANI countries, .which have a ternary pattern, even if the 
professionals of one of the three categories are trained abroad. Only in Italy 
is the situation similar to that in Czechoslovakia. 

In One country out of the eighteen, Luxembourg, there is no national 
school for category C (conception). Professionals in thi*s category are 
educated abroad. But the three categories exist in professional life, of course. , 

The case of the Federal Republic of Germany affords an illustration, of the 
difficulties resulting from the evolution of ideas on education. 

More detailed Consideration is given to it in the monograph on that country. 
Only a few observations will be made here.' 
\ Up till now the Techmsche Hochschulen (technical universities) have 
i been educating graduates in category C (conception). Formerly the Inge- 
meurschulen (schools of engineering) educated graduates of category L 
(liaison). This level of education was'recently strengthfcned,m the Fachhoch- 
schulen (advanced full-time vocational educatiph schools), although it was 
not strictly standardized. Some students rece#£ three years of post-secon- 
dary technological education, others four years. It is still not perfectly clear 
whether these graduates 'are all of category L or whether some of them'do 
not gather exceed this standard and come nearer to standard C, 

*Nor have matters remained there, for a bill -has been tabled with a view 
to combining the following types of education in Gesamthochschulen. or 
corf^>rehensive technical universities, (a) education of the type given, in 
Te$hmsche tfochschulen. the level being Slightly lowered apparently, 
although it would still come- within category C, (b) education of the type 
given in the Fachhochschulen. which would apparently be strengthened, 
although it is hard to say now whether it would tend towards category C 
or category L. 

The existence of graduates of the former Ingenieurschulen addsacompli 
cation— due to the past (a normal complication, one might say)— to the almost 
total uncertainty as regards the rapidly changing legal structure of the 
technological professions in the Federal Republic of Germany This case is 
rather exceptional it represents the greatest complication at present in the 
establishment and application of criteria for classification. Among the 
eighteen FEANI countries) the only other.exceptional cases are Czechoslo 
vakia and Italy. 
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3.2 Relations with the authorities 

Relations between the universities and higher technological institutions 
on the one hand, and the authorities; onThe other, also vary from one country 
to another r 

In most countries, institutions of higher technological education (uni- . 
versities and colleges) are, in some'measure, independent of the authorities, 
whiqh does not meaa that they are by any means totally independent, for 
the authorities, which in most cases finance them to some extent/necessarily 
"control their budgetary expenditure. Then again, the same authorities, while 
leaving institutions for higher technological education type to organize their 
internal administration, to, establish their curricula in*det<*l, and of course 
their time-tables and their detailed supervision, nevertheless exercise some 
control over the general, outline of these curricula (which usually have to 
be submitted to them for prior approval) and the general outline of their 
application (type' of examinations, etc.). %\ 

The degree of autonomy— which does not mean independence— vanes 
from one country to another. * * 

In some countries; such as Denmark and Czechoslovakia, institutions for 
higher technological education are financed entirely by the State. However, 
whereas in Denmark this goes hand in hand with great academic freedom! 
in Czechoslovakia it is accompanied by strong centralization of the adminis- 
tration of education, of the aims of teaching and research and of curricula in 
the Czech and Slovak ministries of education. Details of the curricula are, 
^ however, left to the institutions themselves. 

In Greece, where fees are minimal (education is almost free of charge), 
all institutions are subsidized and yet enjoy considerable autonomy. 

1n the Netherlands there is a mixed system. On the one hand- there is 
State education (openbaar onderwi/s) with schools and universities founded, 
administered and almost totally financed by the State or by municipalities 
and, on the other hand, there is private education {bijzoyger onderwtjs) 
" with schools and universities founded, administered and managed by 

denominational or similar organizations. The latter, too, are financed largely 
by the State. 

In Fin/and four of the six colleges, that provide higher technological 
education are run either by local authorities or are private, but these too, 
are supervised by the National Board of Professional Education of the' 
Ministry of Education. . 
. In France private institutions are wholly independent unless they are 
* recognized by the State in which tase they are generally subsidized, and 
are then like State institutions, only partly independent. All diplomas are 
issued, or recognized, by the State except those of the private institutions, 
whose diplomas are recognized only in certain cases. 

One aspect of the situation with regard to the secondary education 
preceding higher education in technology in Sweden is worth noting. In 
, that country scientific and technical Secondary education varies in length 

according to the options the pupil will take at the higher level. The course 
covers only two years for pupils who choose mechanical engineering, 
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production^ techniques, motor mechanics, building and civil engineering or 
electrical engineering. Those who seledt physics and chemistry follow a 
three year course. There i^'even a four-year course for pupils who wish to 
stutfy cdrtain aspects of science and technology. 

Another notable feature of the Swedish system is that admission to theta 
various types of scientific and technical secondary education is governed'oy 
the relati&n of th,e number of candidates. to the number ofjjlaces available. 
The number\of places js fixed annually in accordance with* the general 
provisions laid down by Parliament. When the number of candidates is in 
excess of this fixed number of places, students ara*admitted to each type of 
higher education on \he basis of the marks obtained at^n entrance examina- 
tion, vVhjch is not otherwise required, or at least not in the case of students 
who have completed three years of scientific and technical secondary 
education. 



3.3 -Scierftific content of the initial education • 

3.3.1 Engineers in category C 

i 

In Belgium, after six years of primary education and six years of secondary 
education, the student takes a five-year course leading ta the degree of 
candidate ci^ engineer. The first two years oflhis course are devoted 
to ttie acquisition of a general knowledge of mathematics, physics and 
chemistry. (A detailed syllabus will, bo found in the Appendix.) 

The other three year^of the course leading to the degree of civil engineer 
coVer a number of common subjects and nine groups of subjects correspond- 
ing to nine special branches, which are as follows, mining, civil Engineering, 
TnetaHurgy, chemical engineering, electrical engineering, mechanical engin- 
eering, shipbuilding, architecture, textiles. 

Further special branches are likely to be made available by the universities. 
Whichever one of jjhe nine branches is taken, the last three years of the 
course comprise lectures, practical work and laboratory work arid conclude- 
with the preparation of a thesi§. 

Summing up, in Belgium the common core of the firs^two years (candi- 
dature) devoted to general subjects is followed by three years of more 
technological studies, comprising both Subjects cQxnmbn to v all nine special 
branches and Subjects peculiar to the special brarfch selected. 
. / It is interesting to compare this rather rigid Continental pattern with the 
much more flexible British pattern. 

In the United Ktngdom, university courses are devoted chiefly to lectures 
on theory and to* projects. Practical training is obtained in the mam at a 
later stage m the course of one's career or else by means of sandwich courses 
, alternating' with university courses. The polytechnics, or\ the other hartd, 
teach theory which is immediately applied. Consequently, practical training 
is given as part of trte course. • . 

Secondary education in the United Kingdom involves a choice of ordinary- 
level (0 level) subjects (for whicb examinations are taken around the age 
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of 16) and advanced -level (A-level)> subjects (for which examinations are 
taken around the age of 18-19). * * 

Under these- circumstances 6 the ^British, student can receive the scientific - 
education required to become a chartered engineer m one of the follow- 
ing five ways, depending on the type of secondary course which he has 
taken: - 

1 Hfving^Qmpleted. a scientific secondarf education comprising three 
O-leyel subjects and two A Ifevel .subjects or one O-level subject and • 
three A-level subjects, he can continue 4 * his studies at a university for 

• -either (a) three years full time or (b) four years with integrated sandwich 
courses, university courses being alternated with practical experience 
in industry according to a pattern arpproved and supervised by ttfe uni- 
versity. 

2 Having completed a scientific secondary education comprising three 
, "O-level subjects and two A-level subjects, he can continue his studies 

in a polytechnic for four years vWth sandwich courses. 

3 Having completed a scientific secondary education comprising four 
O-level subjects and one .A-level subject, he can do three years of 
sandwich courses in a. polytechnic or certain other colleges leading to 
the Higher NationaJ Diploma, followed by at least one year of full-time 
study for the second part of the examination of the Council of Engineering 
Institutions (CEI).* . « 

4 Having completed a technical secondary education comprising four 
0 levej subjects and having followed this by two years of part-time 
study in one of various colleges leading to the Ordinary National Certifi- 
cate, he cfcn eithfer (a) do two years' part-tirge study leading to the 
Higher National Certificate, followed by at1ea$t a year of full-time study , 
for the second .part of the CEI examination, or. (b) study for the first part 
oflhe CEI examination and then do fit least a year of full-time study 
for the second part of the CEI examination. 

5 Having completed a technical secondary education- comprising three 
0 level subjects, then three years of part-time study in one of various 
colleges leading to the City and Guilds Certificate, .and tiaving followed 

it by a year of part time study leading to the Citrand Guilds Full Techno- . 
Jogical Certificate, he can study for the first part of the CEI examination 
and then do at feast one year of full-time study for the second part of 
"the j^EI examination. ' 

The case of Belgium can be quoted as an example'to refer to for the scientific 
education of engineers in category C (conception) by reason of. (a) the 
entrance level, which is situated after six years of primary education and six 
years of secondary education, (b) fc the duration of tVie course, which is five 
years, comprising (wo years.Of basic* education and three years of technical 
education (applied sciences), Jc) the fact that the education, which is both 
scientific and technological, is^t university levef. 

It should be noted that in certain European countries C-type education 
covers onfy four years. AWirst glqnce one might think that the education is 
less thorough. However, the view is sometimes taken that the essential 
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criterion is the university level of the basic education, since technical edu- 
cation proper can be supplemented later by professional experience. This 
would .^e one particular aspecjt of continuing education. The success of 
this scrfem^ naturally depends on the student s haying acquired in the 
course of his studies a taste and ability for self-education — a fundamental 
aspect, moreover,- of his personality la other countries the system is closer 
to the feelgian pattern. Such is the case, for example, in the Federal Republic 
of Germany and certain ehcfmeerjng schools in France. 

It is emphasized that, in the'Belgian example, the teaching of the applied 
sciences (three years) involves a considerable amount of laboratory work, 
detailed practical work and the preparation of a complete project at the 
end of the course (for instance, a project for a dam in the civil .engineering 
branch or a project for an electric motor ip the electrical engineering branch). 
$ Similar projects are required at the erfd of the course in the Technische 

Hochschulen m the Federal Republic of Germany and certain engineering 
< *- schools in/f ranee. 

Tbe.maip features of the British system are the several ways of entering 
the profession and the importance attached to practical training. It i9 not 
easy to compare this system with the Continental system oo the basis of the 
texts. However, the length of the studies m.general, the nature of the scientific 
education and" also the results obtained in industry give the impression that, 
« all in all, the two types of education are equivalent. 

3.3.2 Engineers anjJ senior technician? in category L 

1 

In Finland the educltiorr of professionals in this category is divided into 
seven sections, mechamcatengineenng, electrical engineering, civil engineer- 
ing and the timber industry, chemical engineering, paper manufacture, pro- 
duction techniques, data processing. ' , 

The courses last four years, or three years if the student ,has passed the 
final secondary-school examination. For the first two years the^asic courses 
cover elementary mathematics, mathematics, physics and chemistry, the two 
national languages (Finnish and Swedish) and one foreign language. 

During the first two or three years the general vocational courses cover 
draughtsmanship, strength of materials, mechanical engineering, electrical 
engineering, technology of raw materials, etc. , 
Finally, the last two years are devoted to specialized vocational education. 
General education in production, economics, etc., is also givftf in the last 
year. t 

In France students educated at the institute universitaires Gemthnologie 
(IUT) obtain a dipldme umversita/re de technology (DUT) alfthe end of a 
two-year course in Qne of the following nine special branches, applied 
biology (agronomy, feod industries, dietetics, biological and biochemical 
analysis, environmental hygiene), chemistry, chennical engineering, civil 
engineering (building and pJblic wOrks), electrical engineering (electron- 
technology, electronics, automatic control),, mechanical engineering (con- 
struction and manufacture), heat engineering (heat machines, heat generators, 
refrigeration machines, air-conditioning), physical /measurements (physico 
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chemical and physical techniques ancf measurements), hygiene and safety 
(accident prevention and public safety, hygiene and safety in the working 
environment).* u, 

Also in France, holders of the brevet de techmcien sup6neur (BTS) are 
educated in some forty branches falling within one of the following six 
groups* civil engineering, metallurgy, mechanical engineering, elegtncal 
engineering, textile industries, chemical and physico-chemical industry 
various vocational activities; applied arts. 

In Luxembourg, technician engineers follow a three-year course at ah 
institute of technological education. The scientific subjects (mathematics, 
physics, mechanics, electricity, statics) account for 72 per cent of the whole 
course general educational subjects and practical work accounting forJ8 per 
cent and 10 per cent respectively. 

In the Netherlands, technician engineers in category L follow a four-year 
course at a hogere technische. school, general subjects and science (mathe- 
matics, physics, chemistry, mechanics) representing 50 per cent, whereas 
the remainder is devoted to practical educatfon. 

It is interesting to compare the Continental' education given in these four 
1 countries with the corresponding British education. 

In tfte United Kingdom, technician engineers first receive a technical 
secondary education comprising three O-level subjects. They then take a 
^ " three year part time course in one of various colleges leading'to the City 

and Guilds Certificate, then a one-year part-time course leading to the City 
and Guilds Full Technological Certificate. 

The case of Finland may be regarded as a good example for reference, 
(a) the level of admission is at the end of the* secondary school course, 
although thete is a certain flexibility, (b) the course covers Jhrjj^Lyears 
following the secondary school course (although there is some^Rexibihty 
here too); (c) the nature of the education is of the higher technological 
type with specialized courses for the different branches. . * r 

As has already been said, the prototype is not followed in detail in all 
■countries In France, for example, the dipldme 'universftaire de technology 
(DUT) is conferred after a two-year course following the secondary-school 
course However, the latter covers thirteen years and noUwelve. 

While different views may be held concerning such cases, it seems 
reasonable to consider that the graduates concerned do indeed belong to 
category L 

In the Netherlands, the course covers four years after the secondary- 
school course However, the education is of the higher technological type 
with particular stress on the practical aspect. 

Here too, the British system can only be roughly approximated to the 
Continental one, partly on the basis of the results obtained in industry. 

3.3.3 Technicians in category E 

In Luxembourg, the science subjects taught at an institute of technological 
education after a secondary school course of lower standard than that 
required for university entrance comprise, algebra, analytical geometry, 
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descriptive geometry, trigonometry, differential and integral calculus, physics, 
chemistry, mechanics. 

However, these science subjects represent only 22 per cent of the course, 
60 per cent of whichxonsists of practical training, and the remaining 18 per 
cent of general subjects 

Similarly, in the Netherlands, after an incomptete secondary-school course 
students follow a four year course in an uitgebretd techntsche school, 50 per I 
cent of the time being devoted to general subjects and science (mathematics, 
physics, chemistry, mechanics) and 50 per cent to practical training. 
( ' By contrast with these two examples of the Continental system, the educa- 
tion of a technician in the United Kingdom may be of yne of theiollowmg 
three types* (a) a scientific secondary-school education comprising four 
0- level subjects followed by two years of sandwich courses at one of various 
colleges leading to the Ordinary National Diploma, (b) a technical secondary 
education comprising four 0- level subjects followed by two years of part- 
time courses^n one of the various colleges leading to the Ordinary National ^" 
Certificate, (c) a technical secondary education comprising three O-tevel 
subjects followed by thr^e years of part-time courses at one of the yanous 
colleges leading to the City and Guilds Certificate. ( 

The case of the United Kingdom can be taken as an example for reference. 
With regard to the third possibility (c), we would make the following comment, 
if the reader refers back to Section 3.3.1 he will see that B/itish secondary 
education with O-level subjects normally ends at the age of 16, which sets 
the entrance level for the technological course proper. 

This technological course covers three years in a technical college, which 
sets the type and duration of the .course. It is immediately apparent that 
these conditions exactly fit the initial definition of the criteria for E-1 and E-3. 

Here again the existence of different possibilities in the British system 
will be noted. 1 

3 4 The practical content of the initial edqcation and training , 

3.4.1 Category C professional technologists 1 

In the Federal Republic of GerM^ny six months of basic practical training 
. „ ' {Grundpraktikum) is required for admission to a Techn/sche Hochschule 
(Technical University). Students at a Technische Hochschule also have to 
do a period of practical training lasting six month* (Fachprakt/kum) in the 
. course of their studies. 

In the Netherlands, students at technical universities receive practical 
training in the course of their studies. The period of such training vanes 
between sixteen and twenty-four weeks according to the case. 

In Switzerland, students arthe £cole Polytechnique F6d6rale in Zurich 
are given practical training tl^ length of which varies Recording to the 



1 The term i"professjonif'technologlet' is used here In ordtr to cover the full scope of 'chartered onoineer 
technician engineer end technician in the 8rltish meen.ng of these terms In French, this 'corresponds 
to pfOf$ssjonn$l du dom»m§ fecAmoue* ^ 
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section in which they are enrcmed Six mbnth^S^the mechanical engineering 
and eiect/icai engineering sections, twelve months m the agriculture and 
architecture sections, thirteen months in the forestry sciences section, 
eighteen months in ihe pharmacy section (which in this 6cole polytech- 
mque exists alongside a chemical engineering section, which is rather 
unusual). L~- . 

In comparison with these three Continental countries, the United iCmgdom 
requires future chartered engineers to. (a) acquire practical training in the 
engineering profession or through the performance of duties which will lead 
to acquirmg^this training, during a period of at least one year, (b) have at 
least two years subsequent experience in a responsible post in the engineer- 
ing profession. 

The requirements of the British system therefore go well beyond those of 
th0 Continental system^n so far^as prior practical training and subsequent 
professional experience are concerned. 

The case of the Federal Republic of Germany can be taken as an example, 
generally speaking, requirements are Similar to those obtaining in the United 
Kingdom in so far as prior practical training is concerned. 

In some countries, such as Belgium, prior practical training periods are .not 
required. The young graduate is in fact regarded as a trainee when he enters 
the profession. He is not regarded as a full engineter until he has gained a 
year or two of experience. 

It will be noted that the need for two years' experience in the profession 
in order to comply with the C-1 requirements is consistent vvith the EEC 
draft directives. 

Category L professional technologists 

Jn Fin/and periods of practical training ranging from twelve to sixteen 
months, according to4he case, are compufsory. They can be fitted in partly 
before the student enters the institution for higher technical education and 
partly during the summer vacation, which lasts four months. 

In the Netherlands, students at a hogere techmsche school do compulsory 
training periods varying in length from sixteen to thirty nine weeks accord- 
ing to the case. f , « 

By comparison with these two Continental countries, it is compulsory for 
technician engineers trained in the United Kingdom to have, (a) at least tvVo 
years of prior practical training, (b) at least three years of professional 
experience later on.' 

Here again the British system is far more exacting than the Continental 
system as regards practical training and professional experience. 

Finland may be taken as an example here, although the period of prior 
practical training required is shorter than that in the United Kingdom. 

\ 

Category E professional technologists 

In the Federal Republic of Germany, »t is compulsory for technicians to 
complete two yearS of practical training after the Mittlere Reife (secohdary 
school certificate) before they go on to the technical course. 
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In the United Kingdom, it is compulsory for technicians to have, (a) at 
least two years of initial practical training, (bj at least one year of practical 
experience later on. 

Here again we find that the British system requires more in the way of 
practical training and experience than does the Continental system. 

The case of the United Kingdom can be taken as an example for reference, 
although the professional experience required before the certificate is 
conferred is not compulsory— for the time being attieast — on the Continent, 
where the first years »n the profession are regarded rather as an initial train- 
ing period. * ' 

35 Conclusions regarding the scientific and practical 
content of initial education and training 1 

First, it is apparent that it is not easy to find a common denominator for the 
education received by the various categories of technologists in the dif- 
ferent countries of Europe. The best approach is to lay down general criteria, 
as was done in turn by FEANI, the British CEI and the EEC Commission. 

Second some types of education are easily classified according to these 
' criteria, others fall beJK\een two categories, e.g. the teaching of a particular 
subject may be over and above what is required for category E and at the 
same time not quite correspond to the minimum criteria for category L 
This in no way detracts from the general concept of the three categories of 
technologists, which seems to correspond well with the general trend in the 
European countries. 

Finally, a difference in approach is to be noted, however, as between the 
British type of education and training on the one hand, and the Continental 
type on the other. This calls for special comment, (a) the relatively great 
importance attached not dnly to practical training during the course but also 
to practical experience after its completion is a feature of the British system. 
(The EEC^ stipulations in Draft Directive No. 2 concerning two years 
professional practice after completion *of studies in order to qualify for one 
or the other of the categories of technologists will certainly be>,not^d with 
interest.), (b) access to the profession seems ta be far more fla/uble in the 
United Kingdom, for example the five different ways of becomjpg a chartered 
engineer (category C) and the three different ways of becoming a technician 
(category E), (c) these differences in approach do not, however, make for 
very different results, to take one instance, British industry and.German 
industry can both be proud of their achievements. This is an a posteriori 
finding which ts not without value and meaning. 



.3.6 Post-graduate or continuing education and training 

For post graduate education, tak'en in the most general sense, we shall for 
preference use the term 'continuing education' (and not 'continuous 

* 

1 . See the preceding two tectlons. 

ERIC ' 34 



34 Stdn3*fd$ for engtn&fcrmg qualification* 



education') m order to emphasize the fact that, according to modern concep- 
tions of education, an individual's education is continued throughout his 
working life so that he can adjust to the constant development of science 
and technology, a development which is accelerating all the time Although * 
it is continuing, post-graduate education is rarely continuous, for sn indivi- 
dual anxious to brush up his knowledge in his special branch, to change to 
another branch or to extend the knowledge he has already gained, generally 
does so in a sporadic and discontinuous fashion. 

When 'continuing education' is referred to, there is a tendency to confuse 
very different purposes At least three distinct purposes of continuing educa- 
tion and training should be distinguished: * 

1 Updating one's knowledge in a given branch, in order to'keep pace with 
the changing techniques of that branch We shaH call this particular 
purpose of continuing education 'updating' which has a positive mean- 
ing, implying the prevention of obsolescence of knowledge. We prefer 
this term to the more commonly used "retraining' which in this connexion 
gives a somewhat negative impression, implying the curative treatment 
of obsolescence which has already begun. 

2. Gaining new knowledge in a different branch (for example when a 
person wishes to change to another branch with better prospects for a 
career) We shall call this particular purpose of continuing education 
'reconversion'. 

3 Adding to the knowledge already acquired in one's own branch (this 
arises when a graduate engineer wishes, fo* example, to prepare a 
doctoral thesis which will raise the level of his knowledge in the same 
branch), or gaining new knowledge of more general subjects (such as 
management or data processing, for example). We shall term this'par- 
ticular purpose of continuing education 'further education'. 
In connexion with these three fundamental purposes— updating, recon- 
version and further education— mention must be made of the incentives, 
the aims, the means and the results of these particular types of continuing 
education: * 
Advancement— that is, obtaining qualifications in order to pass from cate- 
, gory E to category L or from category L to category C. This is at the same 
time the incentive for, the purpose and the result of going in for further 
education. * 

Education grants— that is, financial resources made available to individuals 
through a special fund or by employers to enable them to continue their 
studies. This means, which makes it possible to combine with good effect 
full time study and part-time study, can also be used for further-education 
with the specific 'aim of obtaining advancement. 
Adaptation of theoretical knowledge to industrial practice. This particular 

aim can be attained by means of educational courses. 
Before distinguishing between th$ three distinct fundamental aims— updat- 
ing knowledge, reconversion, further educati&n— let us see how continuing r 
education is made possible for persons employed in industry in certain 
countries. 
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in France, the Law of 16 JuJy 1971 relating to vocational educatiop makes 
the following provision (a) employers mu$t devote 0 8 per cent of the payroll 
(2 per cent as from 1976) to siaff training, (b) a wage*earn,er may ask for 
study leave under certain conditions (for example to attend an educational 
institution approved by the State, for a period >*6\ exceeding 1C0 hours 
annually, which do' not count as part of his paid annual-leave entittement). 

This law also provides for the specific aims of advancement and adaptation 
and the specific means of education grants. The Conservatoire National des 
• Arts et Metiers (CNAM) and its affiliated centres in many provincial towns 
organize evening courses which are attended by tens of thousands of persons 
4 , working in industry. The purpose of these evening courses to dispense the 
widest possible range of scientific ahd technical knowledge. The correspond- 
ing examinations are held and certificates are awarded. A very small propor- 
tion of those enrolled manage, after years of lectures and laboratory work, 
many partial examinations, a general examination and the defence of a thesis, 
to obtain the diplome d'ingtnieur CNAM. This degree course is focused * 
mainly on research (and consequently conception). ' Other courses are 
organized by the Ministry of Labour and employers' associations. 

In Luxembourg, seminars are organized periodically b^ the Office Luxem- 
bourgeois pour rAccroissement de la Productivity for persons in positions 
of responsibility, while the University Internationale des Sciences Compares 
holds seminars on economic subjects. 

In Denmark, in 1971 the two Danish associations of engineers gave more 
than 300 courses totalling 200,0,00 student hours. These courses were 
attended" by frorp 4,000 to 5,000 engfneers. 

In the Netherlands, the institutions for professional education have 
72,000 full-time students and~51,600 part-time students. 

In the Unttep Kingddm, the 'day-release' system (granting of one work- 
ing day) or the 'block- release'. system (granting of a period exceeding one 
working day) give persons employed in industry time for qjjntinuing educa- 
tion More than one third of the chartered engineers licensed annually are 
the product of a cqmbination of forn\al education a nonprofessional experience. , 

In Czechoslovakia, persons engaged in continuing education are giverr a 
si/bsistence allowance, covering a certain number of days or weeks in which 
to prepare for their examinations. " * 

3.6.1 Updating of knowledge 

r 

In France, courses for 'brushing up or improving knowledge (updating of 
■ knowledge), in some cases with the financial participation of the State, are 1 

defined in Article 10 of the Uw of 16 July 1971 relating to vocational-educa- 
{ tion Some large concerns such as the R6gie Nationale des Usmes Renault 
or Electricity de France organize their own courses Jor this purpose. 

In Luxembourg, industrial firms give their engineers an opportunity to 
m improve their knowledge in institutes in foreign countries, such as the 
Fondation Industrie University iri Belgium, the,C6gos in France, etc. Some 
companies also bear the expense of having their future foremen or technicians 
'trained in specialized institutions abroad, such as the Ecole de Maitnse et 
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d Ouvners MStallurgistes (EMOMj at Longwy??rance Fairly large industrial 
concerns organize periodical training courses for their staff and bring in 
specialized instructors from neighbouring countries 

In the Netherlands, international firms, such as Philips and Upilever, 
organize refresher courses for their staff. / 



3.6.2 Reconversion to another branch 

In Belgtum, the polyvalent education of the holders of the 'civil engineer' 
degree enables them to change very easily from one branch to another, 
from mining to civil engineering for exampte. 

A civil engineer, after owe year of additional study, can obtain a university 
degree in one of thefoiio^og twelve branches, geology, operational research, 
physics, applied mathematics, hydraulics and hydrography, radio-electricity 
industrial ^management, applied nuclear *scie.r\ces, petrochemistry, geo- 
technics, automatic control, town planning. 

This particular example illustrates the wa& in which the evolution fn 
techniques and the advent of new techniques (applied nuclear sciences, 
automate control, etc.) have affected the education given in Belgium to 
engineers in category C (conception). 

This problem haS been solved in Belgium by means of an 'additional step'. 
Generally, an engineering geologist is a mining engineer who has taken a 
special course in gebiogy. Similarly, an engineer in geotechnics is generally 
a graduate in civil engineering who has taken a special course in geo- 
technics. 

The studies leading to this higher level start either immediately after 
graduation or, more often, in the course of the engineers Carees. 

In this connexion, we might mention, to supplement the information 
regarding the influence of the new* techniques, that thp basic theoretical 
education (mathematics, physics, chemistry) is also constantly evolving 
even if the names of the subjects remain unchanged. For example; the term 
physics now includes rudiments of nifclear physics, which makes it easier 
for the graduate to take up later the additional studies required for the degree 
of engineer in applied nuclear Sciences. The same is obviously true of the 
term mathematics . A proper training in automatic control in just one year of 
additional study is inconceivable unless the graduate has Already acquired a 
firm foundation in the Laplace transform and its extension— the Z transform- 
to non-hnear systems and in the as yet relatively little taught Boolean algebra 
ancj the possibilities for its application. 

In Finland, if an engineer already holding a diploma from a college of 
technology (category L). wishes to change his special branch, he must take 
courses in the new branch and then obtain from twelve to sixteen months 
experience on the job. 

In France, training periods for 'reconversion and adaptation' (recon- 
version to a new branch) with, in some cases, financial assistance^ from 
the State, are defined in Article 10 of the Law of 16 July 1971 on vocational 
q education. 
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In Nofaay, the only means of retrammg open to a graduate of the f^pr- 
wegian Institute of Technology (category C) is to study for a Ph.D. degree 
. in the new branch. 

In the United Kingdom, an engineer may belong to several professional 
associations corresponding to different branches, all affiliated to the Council 
of Engineering Institutions (CEI). He may specialize in a new branch through 
practical experience and/or through continuing education. 

In Switzerland, if an engineer wishes to change to another branch, he 
must take another examination for the Swiss national register. 

3.6.3 Further education * 

tn Denmark, as in many other countries, courses are available (as at the 
Danmarks Tekmske Hojskole) leading to a.degree or doctorate in techno- 
logyjJPost-graduate study can also be undertaken at the School of Econ- 
omics and in the universities. 

In France, courses for obtaining advancement in 6*ne's career and pre- 
trammg courses for young people (further edJtation), in some cases with 
financial assistance from the State, are defined in ArticlelO of the Law of 16 July 
1971 on vocational education. As we have already said, this type of further 
. education generally results in advancement. Eduction grants may be awarded 
for attendance at these courses. The adaptations knowledge by means of 
> short training courses is another possibility offered by further education. 




3.7 Trends in the structure of the technological education 
system t , 

The possibility of grouping together courses for professional 
technologists in category C and category L 

Mos/of the courses for engineers in category C and engineers and senior 
technicians in category'" L differ basically from those for technicians in 
category E. The former are at post-secondary level, whereas the latter run 
more ofless concurrently with the end ol the secondary course. 

In most oftheFEANI countries, one can assimilate, (a) the education of en- 
gineers in category C to long post -secondary education, (b) the education 
of engineers and senior technicians in category L to short post secondary 
edu cation . ( 

. In some cases the short post secondary course may be followed by con- 
tinuing education up to a standard equivalent in practice to that of the long 
post-secondary course. 

There is a difficulty h$re, however, inasmuch as the continuing ^education 
then consists mainly of basic scientific subjects (mathematics, physics/ 
chemistry) and additional applied science subjects. It involves changing 
from#the liaison category to the conception category, which demands a 
considerable effort and a great deal of time. 

Such a change should by no means be the rule, but rather an exception, 
for the two categories are of a very different nature. 
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As both courses, the long and the short, are postrsecondary courses, it 
seems likely (judging by one case, at least) that there will be a tendency to ^ 
bring them together in one and the same institution This tendency is also due to 
the rise in the level of the qualifications of category L engineers in sorftfe coun- 
tries and th^ir consequent desire to be assimilated to category C engineers. 

An illustration of the above tendency is provided by the FederaCRepubhc of 
Germany, where the Techntsche Hochschulen (the present technical univer- 
sities for category C) and the Fachhochschulen (the new engineering schools 
rep'acing the old Ingenieurschulen of category L), corresponding respec- 
tively to the long course and the short course, are likely to be brought together 
in future in Gesamthochschulen (new comprehensive technical universities). 

In order to grasp the mechanism of the very specific case of the example of 
the Federal Republic of Germany, let us take a quick look at the respective 
situations of the present Technische Hochschulen (category C), the old 
Ingenieurschulen (category L), 3nd the Fachhochschulen which now replace 
the later (a category not yet satisfactory defined, but probably closer to cate- 
gory C than at present). 

Students are admitted to the Technische Hochschulen (the present tech- 
nical universities for category C) after thirteen years of primary and secondary 
education, comprising four gears of primary education in a Volksschule and 
nine years of secondary ed Jcation in a Gymnasium, leading to the Abitur (the t 
secondary-school certificate giving access to university studies). After a basic 
p^acticahraining period of six months (Grundpraktikum), students admitted to 
a Tichnfsche Hochschuleiake a course lasting from five to six years, including 
another six*- month period of practical vocational training (Fachprakttkum). 
• Th&y receive a degree after presenting a final thesis. 

Students were admitted to the old Ingenieurschulen (engineering schools 
for category L) afjer ten years of primary and secondary education, comprising 
four years of prifnary education in a Volksschule and six years of secondary 
education in a Realschule leading to the Mittl&re Reife (certificate awarded at 
the end of an incomplete secondary course with a practical bias). Students 
were admitted to an Ingenieurschule after two years' practical experience 
aTid took a three-year course. 

Students are admitted to the new Fachhochschulen, which replace the 
former Ingenieurschulen, after twelve years of primary and secondary educa- 
tion, comprising four years of primary educ^tioh in a Volksschule and six 
years of secondary education in a Realschule leading to the Mtttlere Reife, 
and a two year technical course at the secondary level in a Fachoberschule 
(higher vocational school) leading to the Fachoberschulre/fe (diploma 
awarded at the end of the technical secondary course). Students admitted to a 
Fachhochschule complete a three- year course followed by a year of practical 
training " 

As for the future, the possibility of bringing together the Technische Hoch- 
schulen and the Fachhochschulen within Gesamthochschulen (compre- 
hensive technical university) see/ns to be contemplated on the following 
common basis admission on the same conditions (twelve years of primary 
and secondary education), regardless of the type of upper secondary course, 
a common core of basic subjects for a period not e\ceeding two years, 
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diversified courses according to the branch, a period of practical training of at 
least three months at the start of the technical- studies, another period of' 
specialized practical trainmg p during the course, lasting from three to twelve 
months, depending upon,ttte<branch selected. * 

It is not yet quite clear whether separate degrees would be conferred for the 
various branches or whether there would be a single degree. 

The above example illustrates a possible trend towards grouping together 
engineer^ in categories C and L. It remains to be seen whether the experiment 
being carried out at present in the Federal Republic of Germany will be 
followed by other European countries and also what shape it will finally take 
in the Federal Republic of Germany itself. 

Trend towards adapting the system of initial technological 
education to the conditions of subsequent continuing education 

The best way to illustrate this trend will be to give a selection of quotations 
from the report submitted on 20 October 1 972 to the Consultative Assembly 
of the Council of Europe by Rector Capelle, Chairman of the assembly's 
Committee on Culture and Education. The report was unanimously adopted 
by the assembly. 

Among other important factors in the present university crisis are the need for the graduate 
to realize that his studies are incomplete', that is, the need to create an inclination for self- 
education. This no doubt requires less knowledge and more know-how. 

Education and initial training methods still have to be revised in order to achieve a 
calculated incompleteness so as to maintain curiosity and encourage self-culture. It is 
clear that there is still a tendency to extend further studies and for the final consecration 
to be seen as investigating static knowledge tather than providing a guarantee of the 
ability to select, put into practice, and decide. 

Continuing education . . must be regarded as the natural extension of initial educa- 
tion so that the professional diploma in which it culminates is considered more as an 
initial springboard than as a finishing ptst. 

By stressing knowledge above all else, university studies in accordance with tradition 
have helped to bring about the life diploma ensuring total security aod thus providing 
little incentive eve* to challenge what has been learned. 

, By laying greater stress on ability to process knowledge (adaptability as it is sometimes 
termed) or on the capacity to learn to learn', the stagnation of the life diploma gives way 
to the stimulation of 'lifelong learning'. 

The previous life diploma' should become a tempoiaryo^ertificate of proficiency'requir- 
ing regular confirmation in forms to be determined according to the situation. 

Viewed from this angle, the diploma becomes a strictly personal matter and the 'informa- 
tion it provides is confidential in the same way as that of a medical diagnosis. As it refers* 
to a particular point in time, it will require regular confirmation in the same way as flying 
certificates awarded to airline pilots. 

We do not know to what extent these ideas are directly applicable in real life, 
particularly to the world of European engineering, bat we feel sure that, at 
present, some of them would raise difficulties in practice. 

However, we have quoted large extracts from this report to illustrate a trend 
which seems entirely justified in our view and which meets the need not only 
for supplementing the >fttial education by contihuing education (which 
seems obvious), but also, and above all, for organising the former in prepara- 
tion for the latter. 
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In this chapter we shad examine the condition^ governing the use of profes- 
sional qualifications and the practice of,the engineering profession in the 
various FEANI countries. 

It should be borne in mind that for the most part our information concerns 
the qualification of engineer. 

Use of the qualification of engineer and practice of the engineering 
profession may be governed by one of the following four conditions, 
(a) compulsory membership of a corporate body in order to practise the 
profession, (b) voluntary registration in a national register in order to be able 
to use the qualification of engineer, but freedom to practise the profession, 
(c) neither compulsory membership nor voluntary registration, but legal 
protection provided for the use oOhe qualification of engineer, the profession 
being practised freely, (d) freecMi to use the qualification of engineer and 
freedom to practise the profession. 

The legal provisions relevant to each of these four conditions in the various 
countries will now be studied in turn. 



Compulsory membership of a corporate body 
in order to practise the profession 4 

In preece, an engineer must be a member of the Technical Chamber of 
Greece (founded in 1923), otherwise he has no right to call himself an 
engineer or to practise his profession. This membership is acquired either (a) 
by taking all the examinations of a Greek technological unive>sity, or (b'jNafter 
verification of training received abroad and a general professional examination. 

In Italy, engineers must be of Italian nationality and must be recognized 
by the Consigho Nazionale degh Ingegneri. The membership requirement for 
the latter is possession of the Italian diploma of dottore In ingegneria (ther" 
qualification of mgegnere is granted only afterwards by the Consiglio 
Nazionaie degh Ingegneri which operates under the authority of the Ministry 
of Justice). Holders of foreign diplomas may be granted provisional permis- 
sion to practise the engineering profession in Italy. ^ 

In Portugal, engineers are obli^bd to belong to the Ordem dos Engheneiros^ 
(National Order of Engineers). 

In Spam, all engineers (except civil servants) must join engineering 
colleges attached Xq the appropriate technical ministries (public woiks, 
agriculture, industry, etc.). 
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Voluntary registratipn in a national register 
in order to use the qualification of engineer, 
but freedom to practiseihe* profession 

In Ireland, the plain qualification of engineer is not directly protected by the 
lew, but in practice it does not have much meaning. Most Engineers graduate 
from the universities, although some of therr\hold the qualification of engineer 
through having passed the Institution of Engineers of Ireland (IEI) examina- 
tion. 

This body confers the qualification of chartered engineer, which is pro- 
tected by lavOhe conditions for obtaining it are as folloVvs. mipimum age 25, 
titular membership of the IEI, registration m the register of the IEI, through 
having obtained the qualification of chartered engineer from another 
recogni£|dl>ody which is itself a member of the IEI. , 
k In Swjtzerfapd, the Swisfc register, introduced in 1 951, governs the use of 
professional qualifications. The institution, which is based on a convention 
between professional associations, was transformed in 1 966 into the Founda- 
tion of Swiss Registers REG, whose task is to keep registers of three profes- 
sional categories — engineers and arj||iitects, technician engineers and tech- 
nician architects, technicians. 

In the United Kingdom, chartered engineers, technician engineers and 
.technicians gain the right to their respective qualifications by registering 
voluntarily with the Engineers' Registration Board (ERB) which is administered 
by the Council of Engineering Institutions (CEI). It shoud be noted that the 
Royal Charter— restricted initially to the category of chartered engineers- 
was recently extended to include technician engineers ancf technicians. 

For this reason, and despite the- fact that registration with the ERB is 
voluntary, this register has indisputable legal validity. Entry in the ERB register 
is in fact governed by the conditions laid tf jwn in the Royal Charter granted 
to the CEI. Thus, although there is freedom to practise the profession in the 
United Kingdom, it is likely to become more and more difficult for engineers, 
higher technicians, and technicians to practise if they are not entered ih the 
British national register of Jbe ERB. 



Neither compulsory membership nor volOntary 
registration, but legal protection provided 
for the. qualification of engineer, 
with freedom to practice the profession 

In Austria, the Federal Law of 7 ^uly 1 948 governs the use of the qualification 
of engineer (category L (liaison)) and the Federal Law of 10 July 1969 
governs tfoe.use of the academic qualification of Diplommgemeur (graduate^ 
engineer). . 

In Belgium, use of the qualifications of civil engineer and technician 
engineer is governed by the Law of 11 September 1933 on the protection of 
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qualifications acquirec) through higher education. The advisability of creating 
an Order of Engineers is at present under consideration. 

The Royal Decree of 1 J uly.1957 protects the qualification acquired through 
secondary technical education (technician). 

The recently created qualifications awarded at the end of the short course 
in higher technical education (senior technician, technical graduate, tech- 
nical conductor engineer's assistant) ar$/riot protected by law. 

In Czechoslovakia, the titlfe*of engineer may be used only by former 
students of the technical and agricultural universities who have completed 
their studies in one of the sixteen Czech or Slpvak technical universities and 
have been awarded the corresponding diploma. 

In Denm&ft, the only protected qualifications are those of civil engineer 
(Danrrferks Tekniske Hojskole), academic engineer (Danmarks Ingenior- 
akademi) amd teknikum engineer (category L) which may be used only by 
holders of diplomas awarded by the corresponding'schools. This, however, 
does not amount to a legal restriction on the practice of the engineering 
profession. . / 

In the Federal Republic of Germany, each of the eleven Lander has brought 
out a law protecting the right to use the qualification of engineer. The latter is 
confined to diploma holders from the Technische Hochschulen (technical 
universities?), from the Fachhochschulen (specialized vocational college^, 
which have replaced and raised the level of the former Ingemeurschulen) and 
from the former Ingemeurschulen (schools of engineering), and to self- 
educated persons who used the qualification of engineer befor$>.the law, 
camfe into force. For the past two years, use of the qualification has been the 
exclusive right of diploma holders from the Techmsche Hochfchulen and the 
Fachhochschulen. t % 

In Luxembourg, the Law of 17 June 1963 protects the qualification of 
technician engineer (no category C engineers are trained in the Grand 
Duchy), < * 



4.4 Free use of the qualification of engineer 

and freedom to practise the profession % 

In Finland, there are no regulations governing the use of the qualification or 
the practice of the profession. - 

In \ France j^fcLaw of 10 July 1934 grants the qualification of mgtnieur 
diplom6 (graduate engineer) to engineers graduating from State-recognized 
schools, at the proposal oMhe Commission of Engineering Qualifications. 
, However the qualification of engineer is not protected by law. For the self- 
educated, it o^en corresponds to a post held in a firm. 

In the Netherlands, the engineering profession is not governed by any 
^ ^ regulations The only protection is that afforded to the university-level 
J$ . qualification of graduate engineer conferred by a technical university (tech- 
nifche hogeschool), which entitles the holders to place the abbreviation 
^ 'lr/ before his name. 

ERIC 43 



Legal provision 43 



New graduates from the hogere technische schoolen (category L) will be 
entitled to use the abbreviation 'Ing.' after their name. 

In Norway, the title given tQ engineers of category L, who graduate from 
the ingenierskoler (formerly tel/nisk sko/er) vyill henceforth be mgenier. 
It is not protected by law. The only protected qualification js that of s/wA 
ingenier, which has been protected since 1949 and is confined to diploma- 
holders of the Norwegian Institute of Technology (category*^ and to 
Norwegian nationals who hold diplomas from foreign schools or universities 
recognized by the public authorities. 

In Sweden, the qualification of engineer is not protected by law, the only 
persons Who may be prosecuted under the law are those who use an estab- 
lished qualification which is not theirs by right. 
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$.1 Industrial requirements 

As a rule, the requirements of industry are made known to establishments 
for higher technical education through the following four channels, (a), 
directly, through industrial representatives on the boards of these establish- 
ments, (b) less directly, through the presence on these boards of representa- 
tives from the Fellows' Associations of the establishments concerned, whose 
members work in industry, (c) indirectly, by virtue of the fact that certain 
teachers have worked in industry in the past continue to do so as ^pnsulting 
engineer?, concurrently with their academic activity, (d) by research con : 
tracts granted to the educational establishments. 

In Austria, industry examines changes in the curriculum before these 
become effective and sends details of its requirements to the heads of the 
establishments concerned. 

In Belgium, industry's requirements Ire conveyed to the university through 
an organization called the Fondation Industrie- University. 

In Czechoslovakia, industry's requirements are outlined by the appropriate 
, technical ministries and passed on to the Czech and Slovak ministries of 
\ education. 

^ In Denmark, industry's requirements are conveyed to the Danmarks 
^ Ingeniorakademi by an advisory committee, ten members of which represent 
industry, this committee is competent to alter the curriculum and the 
examination programmes. 

In Finland, industry is represented both centrally and locally, as regards 
centralized representation, industry is represented on the Council of 
Higher Technical and Commercial Education, an advisory body to the 
Ministry of Education. It is also represented on the Vocational Education 
Council, an advisory body to the National Office of Vocational, Education 
which is responsible for technical colleges in category L, -falling under the 
control of the Technical Education Section of this office. As regards local 
representation, industry has representatives on the university councils. Its 
local representatives, who are chosen by the National Office of Vocational 
Education, also Sit on the advisory boards of the State technical colleges 
(category L). 

In France, representatives from the engineering world attend meetings of 
. the Commission on Engineering Qualifications, one of these shares the joint 
chairmanship of this commission with a civi] servant (often the head of an 
engineering school). In addition, industry's requirements are comfnunicated 
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directly to 'the heads'of thi establishments, and in important case^to the 
appropriate ministerial authorities. 

Furthermore, as regards Ahe" JUT (university institutes of technology), 
management and unions We represented at the national a<J>*sory commis- 
sions of the lUTs and on the boaTd^f directors of each IUT. 

In the Federal Republic of Gerrnany/the^edetal Commission of Engineer- 
ing Education, which is in contact with industry^communicates directly with 
the ministers of culture of the Lander and also witnXhe Federal Conference of 
the latter. 

In the Netherlands, almost half the T^^rers in (technical education are 
'part-Jime' teachers, who also hold posts iri mj 

In Spain, each university, has its patronato whichOsTrK^jarge of the univer- 
sity's public relatipi{is. In the^peciaf case of the technicaTuW^TtTes^both 

^^^Og^has/e representatives m {hefftttQn$toSs 



ti oris. 

industry and professional 
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In Section 3^6, 'Post-graduate or Continuing Edut»timv*ar^fjjTaic^^ we 
mentioned the facilities granted by industry, for exacrifale in- Czechoslovakia, 
Denmark, France, Luxembourg, the Netherlands, and the United -Kingdom, - 
to p^sons undergoing continuing education whilst "pursuingtheir work in 
industry. Industry's collaboration also takes the form of organizing practical 
traimfig periods. 

In Austria, industry organizes training periods dUFmg thetiohday^s. In orddr 
to acquire 4he qualification of Ingemeur (category L), Students from higher 
technical education establishments must have acquired four-years' practical 
experience in their choserTiHqnch. 

In Belgium, industry partici^te^n the education of engineers. (ajTby 
means of practical training periods durftH^Jhe vacations, (b) during employ* 
m^ftt, by granting yts engineers leave of abseT^e and/or funds f6r continuing 
education. 4 * ^ 

In Denoiark, practical training penod^n industry^ lasting from Six months to 
one y^ar, are organized for students of th^Darunarks Tekniske Hojskole and 
the Danma/ks^lngeniorakademi. 

In Finland, the graduate engineer or architect (category C) should have 
had from Six to nine months' practical experience in industry and the engineer 
(category L) from twelve to sixteen months. For the time being*, this is an 
optional requirement, but it counts for extra marks in the examination. In 
addition, terminal study work is often earned out in industry, or else the 
subjects for such work are proposed by industry. 

In the Federal Republic of Germany, two semester practical training 
periods in industry are a requirement of the Fachhochschulen in some Lander. 

In Spam, one of the functions of the new university patronatos is to 
establish industry's influence in the education of engineers. 

.In Switzerland, industry plays an active part in self education, continuing 
education and the organization of practical training periods. 
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In the United Kingdom, there are several industrial training establishments, 
one of which is the Engineering Industrial Training Board. The CEI maintains 
contact between its own private vocational institutions artd these vocational 
training establishments, each of which is specialized in one or more tech- 
nological fields Such relations are Supplemented by individual agreements 
between these industrial training establishments and schools on the one 
hand, and industrial firms on the other. For example, a technical college will 
contact industrial firms in its area in order to find out which of these- are 
prepared tcracceptf students for practical training periods. This is very largely a 
matter of supply and demand. 
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Relationships between 
categories C, L and E 



6.1 The complementary nature of categories C, L and E 

We have already stressed in Section 1 .2, "Conventional Definitions Adopted , 
that industry naturally has as much need of execution technicians (category E) 
as of conception engineers (category C) and liaison engineers or senior 
technicians (category L), without whom collaboration between the two 
preceding categories would undoubtedly give rise to many difficulties. 

Opinions vary as to the desirable numerical ratio between the different 
categories, but it is clear that several engineers or senior technicians in 
category I* are required for one engineer in category C. . 
t Unfortunately, the real state of affairs seems to be very different, whereas 
there is usually an adequate "number of conception engineers, there is 
generally a relatively widespread shortage of liaison engineers or senitf 
technicians. " 

the main reason for thi£ state of affairs is probably to be found in the 
prestige enjoyed, in the opinion of young people and their families, by long 
post-secondary as oppose^ to short post-secondary education, whqreas 
jn fact the latter offers future graduates relatively more openings than 
' the former. * * 

The harm thus caused to industry cannot be denied. It is as if the indus- 
trial 'grmy' possessed enough high banking officers and non-commissioned 
officers, but suffered f r0 m a shortage of junior officers, yet, as we all know, the 
quality \of an industry, as of an army, depends largely on the quality of its 
supervisory and intermediate level staff (and, of course, on their numbers). 

The harm caused to the graduates themselves is also obvious, since large 
numbers of conception engineers Jare forced by th&scarcity of liaison engineers 
or senior technicians in category L to dp the work of the latter as well, the 
result is an inevitable sense of frustration on their part, since they feel that 
their particular abilities are not being fdly used. The scarcity of liaison staff is 
sometimes attributable to use being made of category E execution technicians 
in their place, which is liable to impair the quality of the complementary 
relationship between the three categories. 

This lack of middle level personnel in industry is not due solely to the fact 
that future graduates, and particularly their families, are looking for the 
prestige and higher social standing afforded by long post-secondary educa- 
tion It is also due to the continuous rise in the level of short post-secondary 
education, which tends to, make it less worth while since less and less 
additional effort leads to a qualification which still remains above that ensured 
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by short post secondary education. This levelling upwards' is one of the 
important factors *rv the shortage of category L engineers and senior tech- 
nicians* 

6.2 ' Social advanbement ' 

A/Ve are concerned here with methods of moving on froiji a qualification 
acquired in category L to a fresh qualification m category C, or from category E * 
to category L This upward movement' from the concrete to thQ abstract is 
not easy, since it requires .the acquisition of Supplementary theoretical 
knowledge after having first acquired a more practical grounding. It would 
be easier to move in the opposite direction, hence appropriate guidance is 
desirable from the beginning. 

Yet such methods are essential to enable the most deserving to gain 
advancement, while social justice ojbviously requires this. 
( , In Belgium, mg6meurs techmaens (category L) who have already com- 
pleted three years' post secondary studies may qualify as inginieur civil 
(category C) after an additional three- year course. Since this qualification 
\s normally obtained only after five years' post secondary education, they are 
thus required to study for a year more than if they had moved on directly 
to Jong post secondary education. It is thus pot surprising that only 1 per cent 
of them avail themselves of this opportunity. This state o<^ affairs is due to t^e 
^^difficulties pointed out above of passing from the contrete to the abstract. 
, In Czechoslovakia, students holding a diploma of specialized secondary 
education (technicians) may continue their studies in higher technical insti- 
tutes for engineers} *\ » 

In Luxembourg, technicians (category E) can take an examination for 
admission to schools for inginieurs-techniciens (category L). 

In the Netherlands, graduates of higher technical schools (category L) are 
admitted freely to technical universities for category C engineers, where they 
take the full course from the beginning. 

The new law now being drawn up provides for the selection of students 
for both higher technical schools (category L) and technical universities 
(category C) by means of examinations held at the end of a one or two years* 
- comition core of pre- university studies. 

In Norway, graduates of higher technical schools (category L), are admitted 
t6 the second year of the Norwegian Institute of Technology, wtych educates 
category C engineers, on condition that they take a course in mathematics in 
the summer preceding their admission. At present 30 per cent of the Students 
at the institute have gained admission in this way. 

In Spam, industrial technician engineers (category 1.) can go on, after 
supplementary education, to the second, two year course for 'senior 
engineers' (category C). ; Conversely, the first, three year course for senior 
engineers', when combined with a certain amount of self education, leads to 
the*diploma of industrial technician engineer, which is obviously easier than 
movement in the opposite direction. 
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In Switzerland, technician engineers from higher technical schools 
(category L) may be admitted to polytechnics (which educate category C 
engineers) after taking an examination in general education. 

In the United Kingdom, as already noted in section 3.3 1, 3.3.2, and 3.3.3, 
one of the main features of the system in force is its great flexibility. 

It should be noted that these channels for social advancement are not yet 
highly developed. 



6 3 Multiple channels of access to post-secondary education 

In France, there are very many channel^ for admission to one of the 143, 
French schools educating graduate engineers: 9 
For students in science faculties (without a competitive entrance' examina- 
tion) either for holders of the diplome universita/re d&tudes sctentifiques 
(DUES) at the first/second-year level, or first-year certificate (forty-nine 
schools), or on production of tha DUES (fifty-three schools), or by special 
competitive examination reserved for holders of the DUES (twenty-three 
schools), or with a licence from a university or two certificats de maitnse 
(seventeen'schools), or with a maitnse untversitaire (seventy-five schools). 
For post secondary pre -university students {those in classes prSparatoires) 
(with a competitive entrance examination), either at the level oimath6ma- 
tiques supfrieures, i^e. one year affer the baccalaurtat (fifteen schools 
^ only), or for those who have completed the math6matiques spGciales, i.e. 

two years after the baccalaurtat, either math6matiques sp6cialesA (fifty- 
eight schools), mathGmatiques spGciales A' (seventeen schools), math6- 
matiques spGciales B (forty eight schools), or math6matiques sp6ciales C 
(sixteen schools), or by a special competitive examination open to pupils 
from technical schoqls (thirty schools). 
For students from technical schools (without a competitive entrance examina- 
tion), either for holders of the brevet de technic/en supfrieur (BTS) 
(nineteen schools), or on completion of the preparatory curriculum for the 
licole Natjonale cfes Arts et Metiers, dr with a diplome d'$tudes sup6rteures 
techniques (DEST) under the social advancement programme (in parti- 
cular, for those who have studied at the Conservatoire National des Arts 
et Metiers (CNAM) but have not gone far enough to obtain the CNAM 
engineer's diploma, especially those who have not taken the general 
examination or submitted the final thesis for this diploma). 

6.4 'Bridges' 

Various means are provided which enable a s'tudent to'switch during his 
studies from the course he has originally chosen to another which he believes, 
in the light of his initial performance, to be ttetter suited to his ability. Such 
'bridges' may enable a studentto change from a more practical typeof educa- 
tion Jo a more theoretical type (for example from a short to a long post- 
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secondary course), should the student find that his performance in theoretical 
fields is better than he originally hoped, and if he has a liking for them. Of 
course, a change in the opposite direction may also be made if he realizes 
that he has taken a theoretical course which is beyorid his ability. 

We have already stated in Section 3.7.1, with regard to the first of these 
alternatives, that short post-secondary education may be followed in some 
cases by continuing education to achieve an equivalence in practice with long 
post-secondary education chosen from the outset, but that th*s should in no 
way be the rule, but rather the exception, since the two careers are quite 
different from one another. 

This remains entirely true fqr a possible change from category E to cate- 
gory L 1n other words, 'bridges' should not become normal educational 
channels, but remain stand-by ones enabling individual students to switch 
from one type of course to another, be it practical to theoretical or vice versa. 

I n Belgium, Article 9 of the Law of 7 July 1 970 makes provision for 'bridges' 
from one type of higher education to another, but the Law still awaits an 
enforcement decree. 



6.5 Trends in relationships between categories C, L and E 

As already stated in Section 6.1 , a trend is emerging in a number of countries 
towards raising the levef of schools training professional technologists in 
category L. It is to be foreseen that tlpis trend will become general. 

It is hoped that, as a result of this increase in level, this type of education 
will become more attractive to students and their families— without, however, 
encouraging them to turn towards long post-secondary studies, should the 
difference in level between these two types of education be slight, it may thus 
f be possible to make up for the shortage of category L personnel which 

hampers industry in many industrial countries today. 

Associations of former students of short post-secondary education can do 
a great deal to reinforce this trend. In the first place, they can refrain from 
demanding too high a level of education from schools training liaison 
. engineers, since such a demand, while understandable from the human point 
of view, runs counter to efficiency in practice. It would be regrettable to create 
fresh confusion between conception and liaison engineers, thus producing a 
gap precisely where a shortage is already felt which is detrimental to the 
interests of the engineering profession as a whole. Raising schools for 
category L engineers to too high a level would lead to a situation worse 
than the present, which is due, in some countries, to their being at too low a 
level. Here again, therefore— and more than ever— great moderation seems to 
be required. 

Associations of former students of short post secondary education can 
render another great service to their members, both present and future, that 
of explaining the reason for the existence of their ^profession, which is as 
important for society as that of category C engineers. 

Lastly, the widespread adoption of continuing education will make it 
possible to provide more numerous and widespread channels for social 
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advancement between the various categories or professional technologists, 
by giving the opportunity to thpse who want it to climb the successive rungs 
of knowledge and know-how, while oontmuing to earn their livir>g. The 
examples of what has already been achieved on these lines (see Section 6.2) 
and the flexibility of the British system are convincing proof of this. V 



7 Bilateral and multilateral agreements 
on the education of engineers - 



Austria and the Federal Republic of Germany have concluded an agreement 
for the mutuaf recognition of engineering qualifications, which is to be 
extended to other German-speaking countries. 

In Belgium, equivalences have been established by law between academic 
degrees a warded m Belgium and territories formerly under Belgian sovereignty 
or entrusted to Belgian administration, they are now being revised. Provisions 
exist for equivalences between France and Belgium with a view to making it 
easier to obtain supplementary qualifications. 

Czechoslovakia has concluded various agreements with other Socialist 
countries. . * 

Finland has concluded general agreements (not limited to higher technical 
education) for an exchange of students with the other Scandinavian countries, 
Bulgaria, Czechoslovakia, France, the German Democratic Republic, 
Hungary, Poland, Romania and the U.S.S.R. This country also has general 
agreements for an exchange of trainees with Austria, Belgium, Franc£, Italy, 
the Netherlands and Switzerland. Semi official agreements to the same end 
have been concluded between the Finnish Ministry of Labour on the one 
hand, and Canada, the Federal Republic of Germany, the United Kingdom 
-and the United States of America on the other. 

Franc? has concluded agreements with the French speaking States in 
Africa as well as Certain States of Latin America and elsewhere, to receive 
trainees at practical courses, on behalf of the Ministry of Industrial and 
Scientific Development and the Ministry of Economics and Finance, at 
courses held by the Agence pour la Cooperation Technique, Industrielle et 
Economique (ACTIM) which forms parUof the Ministry of Economics and 
Finance. The same agency provides the practical training courses organized 
by UNIDO for professional staff who have held posts of responsibility. 

The Netherlands and Belgium have concluded an |greement on the mutual 
recognition of examinations held by the technical faculties of Belgian 
universities and those of the Netherlands. 

Norway has concluded the following special agreements, (a) for educa 
t»on in aeronautics, an agreement between the Norwegian Institute of 
Technology and the Royal Technical University of Sweden, Stockholm, on the 
admission of Norwegian students to the latter, (b) for education in petroleum 
technology, between the Norwegian Institute of Technology and two foreign 
universities, one in Austria and the other in the Federal Republic of Germany. 

Sweden has regulations which take into account previous examinations 
taken at universities in other Scandinavian countries. 

ERLC *' . 
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"These few examples show that agreements on the educatiofi and training 
of engineers are still far from being the general rule, even in the case of a 
relatively restricted group of countries such as the European Economic 
Community or the Scandinavian group of countries. .,j 

It may be useful to give some details, by way of information, on the work of 
the EEC in this field and the results obtained so far. 

Title III of the Treaty of Rome deals with The Free Movement of Persons, 
Services and Capital'. 

Article 48 of the treaty stipulates that: 

1. The free movement of workers shall be ensured within the Community ... «4 

2. This shall involve the abolition of any discrimination based on nationality belVveen 
workers of the Member States as regards employment, remuneration, and other forking 
conditions ... < 

Article 57 includes this provision: 

1. In order to F faalitate the engagement m and exercise of non wage-earning activities, 
the Council, on a proposal of the Commission and after the Assembly has been consulted, 
shall ... act by issuing directives regarding mutual recognition of diplomas, certificates 
and other qualifications. 

Thus Article 57 lays on tfie EEC the obligation to establish directives regarding 
mutual recognition of 'diplomas, certificates ancj other qualifications' of 
professional workers (including senior technologists). 

The Commission might have envisaged various ways of solving the 
problem. A completely logical solution might have been to standardize 
different levels of training in the various countries, but it can be assumed 
a priorixhat such a solution would have been utterly impractical, at least in the 
short and medium terms. v 

The draft directives elaborated by the Commission embodied, on the 
contrary, the idea of over all criteria, a kind of common denominator accept- 
able to all the countries concerned, being briefly the criteria of the level 
required for admission to post secondary education, and the duration and 
level of post secondary education (university or similar, higher technical, 
technical). 

It should be stressed that the draft directives were devised and formulated 
in the context of a community which at that time comprised only six European 
countries. Since January 1973 there have been nine member countries, 
including the United Kingdom and Ireland, where, as we have seen, the 
education system differs, at least in form, from the so called Continental 
system'. It can therefore be assumed that while the basic concepts of the 
draft directives remain valid, their legal formulation will probably have to be 
amended to take account of this difference in viewpoint. In any event, arid 
very generally speaking, the draft directives not yet approved by tto council 
will have to be reviewed to take account of the viewpoints of the trn^e new 
EEC members. Further, the Commission's draft directives will have to be 
approved subsequently in any case by the Council of Ministers, where 
individual national attitudes may act as a barrier to the aims and proposals 



of the Commission. 
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In conclusion, it .will be noted that the trends within the Commission 
are tn line with those of the FEANI register, namely failing the possibility of f 
achieving complete standardization, the question shoula at least be clarified 
by drawing up appropriate categories making reference to qyer-all criteria. 
Notewprthy also are the two basic differences between ttie FEANJ register * 
and the EEC directives, (a) the latter are in the form of regulations, whereajs the 
register is an initiative freely takeft by the engineering profession, (b) on the 
other hand, the EEC regulations apply to only nine countries, whereas the 
FEANI register has been approved by the professional associations of 
eighteen European countries. - 1 ' 




Relationships between engineering 
and other professions 



Relationship with architects 

v • 

ln>iany countries the education of architects is somewhat similar to that 
of engineers. In such cases the pursuit of the profession of architect by an 
engineer raises no specially, difficult legal or practical problems. Numerous 
individual cases of this general problem do, however, exist. , * 
^ In Austria, the Diplomingenieure who graduate from faculties of architec- 
ture in the Technisch$ Hochschulen, or technical universities, tend to be more 
suited to the technical sicje of cft/il engineering. They represent two-thirds of 
the personnel in large architects* firms. Magisterarchrtekte (master of archi- 
tecture) graduating from academies tend mostly to choose the artistic side. 

In Belgium, architects follow a five year course, after six years' primary and 
six years' secondary education, in institutions which are run either by the. 
StatST the provinces or the communes, or else'are subsidized or recognized 
by the State Their diploma is awarded either by, these institutions, pr by a 
central board of examiners. As already observed in Section 3.3 above, 
civif engineers "specializing in architecture (mgimeurs civils architectes) 
take a five-year course b faculties of applied science. 

The Law of 26 June 1963, establishing a professional association of 
architects (Ordre des Architectes) in Belgium, requires that, civil engineers 
whfcgraduaterafterthatdate follow a two year practical traiping^beforabeing 
entitled to signjn their capacity as architects, plans fqt technical wo/k which', 
are solely within the competence of a t graduate engineer. Graduates of 
civil engineering departments of universities who have* specialized .{n 
architecture* are naturally not subject to this restriction. . 

In Finland, there i$ no official distinction between the functions of an 
engineer apd those of an architect, though in fact the specialization does 
exist. ' , ' v . . 

Graduate architectfe.frorp university faculties of architecture specialize in 
planning buildings and regional planning, .while graduate, engineers from 
engineering faculties specialize, as the case may be, either, (aj.m the practical, 
execution of projects, calculation of the strength of materials, supervision of, 
construction stages, public works— in the case of fprjner students- of civil 
engineering faculties, or "(b) heating, plumbing, ventilation— in the case of 
f(frmer students of mechanical engineering faculties. r < 

Architects, and engineerings graduating from civil engineering branches 
of technicaj colleges in Finland (categ6ry L) specialize respectively in* the* 
planning of buildings and town planning, and actual construction yvork. 
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In France, architects must be members of the professional association 
(Ordre des Architectes) to be entitled to use the qualification of architect and 
pursue the profession. There is, however, no professional association of 
engineers and, as observed above, the plain qualification of engineer is not 
^ protected by the law, nor is the engineering profession the subject af regula- 
tions Thus the only qualifications which are protected are those of graduate 
engineers from schools empowered to award diplomas by the Commission 
• des Titres d'lng6nieur of the Fre**|h Ministry of Education., 

Consulting engineers, in full agreement with the ministries concerned, 
refuse to entrust the over all responsibility of work to architects alone. An 
agreement on the pursuit of their profession was signed in 1 957 between the 
Ordre des Architectes and the Chambre des IngSnieurs-Conseils. 
. In the Federal Republic of Germany, some Lander, for example North- 
Rhine- Westphalia, have statutory associations of architects with which it is 
necessary to register in order to practise ttffe profession oi architect. 

Ir> Greece, recognition as an architect, and the righyo pursue the prbfes- 
« sfon, are restricted to graduates of a technical university (Dipl.lng.Arch.) 
in much the same way as for engineers in other special branches. Where 
complex structural calculations have to be done, the architect mgst work in 
* • „ . conjunction with a graduate civil engineer, who is legally responsible for the 
„ safety of the construction. The engineer receives 60 per cent of the fee for the 

• * -calculations, leaving only 40 per cent to the architect. 

In the Netherlands, >law is being drafted on the qualifications of architects, 
a register of architects efcists, but registration is not compulsory, graduate 
'architects of a university are exempt from the examination for admission to the s 
^ register. 

In Switzerland, in the absence of legal provisions, professional practice 
is regulated for both professions by the regulations and standards of the SIA 
(Soc»6t6 Suisse des IngSnieurs et Architected). There is an excellent degree 
of alignment between the two professions (for example, the qualification of 
architecte technic/en corresponds to that of tng6n/eur-techn/cien, etc.). 

In the United Kingdom, there is no legal dividing-line between the profes- 
sions of engineer and architect, but in practice specific functions are reserved 
for each profession For instance, the building of reservoirs and dams is reserved 
J for those engineers who are on a special register. 

& Depending on their form, building- contracts are drawn up either by the 
Institute of CTVil Engineers or by the Royal Institute of British Architect?. 



8.2 Relationship with agronomists ( 

■ / 

Engineer/agronomists are usually put in the same category as engineers in 
other branches They graduate either from the same technical universities, 
where they aire enrolled in other faculties, or from separate schools of agron- 
omy. 

To give a very detailed example of their education, in Belgium there are 
two degrees, that of engineer/agronom»st and that of engineer in the chemicaF 
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engineering and agricultural industries. Both of these degrees comprise a 
*9 yeat preparatory course {candidature) covering mathematics, chemistry, 
biology, earth sciences and an introduction to the humanities, followed by a 
tnree-year course for the degree proper aslollows: 

1. For the Belgian engineer! agronomists degree, (a) the following six 
common subjects, advanced biology, soil and environmental sciences, 
plant and ammal production, engineering techniques, industrial processing 
of natural products, economics, (b) a comprehensive study of one of the 
following fifteen speciatsubjects. general agronomy, agronoiYiy of tropical 

, and 'sub- tropical regions, stock farming, plant technology, forestry, 
horticulture, plant protection, agricultural engineering, rural economics and 
sociology, rural economics and sociology applied to developing countries, 
land development, soil sciences, applied botany, applied zoology, nutrition 
and dietetics, (c) a terminal study of the subject which has been studied in 
depth. 

2. For the Belgian degree in chemical engineering and agricultural industries. 
(a) the following eight common subjects, theoretical and physical chem- 
istry, analytical chemistry, organic and biological chemistry, agricultural 
chemistry and physics, industrial biolQgy "and microbiology, industrial 
physics, engineering technique^ technology and management of food and 
agriculture; industries, (b) a comprehensive stady of the basic end applied 
aspects of one of the eight subjects above or of the technology of an 
agricultural industry, (c) a terrrnnal study of the subject which has been 
studied in depth. 



8.3 Relationship with 'scientist^' ^ 



By simplifying somewhat, it may be assumed that a scientist*, for example the 
hqlder of a French licence in phy sics, or a_ doctor in chemistry, has received 
ve^substantial theoreticaJ^chJcation, more than that of an engineer, but that, 
on the other hand, his practical training has been comparatively limited. Ttfese 
two types of education usually lead to different professions. In Belgium, for 
example, ther,e exist on the one hand the licence and the doctor'9 degree in 
chemistry, and on the other hand the diploma in chemical engineering, which 
lead to two different careers. 

Nevertheless, rn the course of his career, as he gradually comes into contact 
with practical work, the holder of a licence in chemistry may acquire through 
rhe actual pursuit of his profession the practical training he lacked when he 
obtpinec} his licence. I 

This case has been providld for in the FEANI register under Group A, 
^Section Aa, with the following definition: 
.* 

Persons having acquired a complete scientific university education and training [m France, 
for example, complete licence*^ and having practised the profession of engineer for at least a 
two years A jurywili.deude. »n each individual case. »f the degree of the scientific faculty 
in question can be recognized, and if the period of practising the profession of engineer 
suffices. 
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There is no doubt that what is meant here* is a scientist who has moved into 
the professional category C (conception) and has been recognized by FEAN1 
as belonging to that category. * 



Relationship with economists . 

An example of technico-economic education is provided by the Wtrtschafts- 
dlplomingenieure educated by some Technische Hochschulen in the 
Federal Republic of Germany (in particular, that of Berlin-Charlottenburg). 
These graduate engineers in economics receive a basically economic educa- 
tion, but ar& in addition obliged to specialize by taking courses which are, 
incidentally, of the sarne duration as for the other £iplommg$nieufe, namely 
an average of five and a half years, including a terminal study m a specialized 
technical field of their own choice. This special subjAct is sometimes computer 
science (including both hardware and software), oreven automatic pontrol. 
This enables Wirtschaftsdiplomingenieure on leaving the university to select 
a career in general business organization and management or even integrated 
automation, using the same computer for the management of administration, 
finance and accounts and for the automatic control pf industrial processes! 

Two other examples of technico-economic education may be quoted in 
France, the first being the courses provided by the CNAM (Conservatoire 
National des Arts et Meiers). Among the engineering diplomas awarded by 
the conservatoire in many special branches is that of mgtnieur CNAM, with 
specialization in 'scientific labour management'. Like all the others, this 
CNAM diploma requires, before the genera! examination and the defence of a 
thesis, certificates attesting to the successful completion of courses and 
practical work in three different fields, comprising that qf the special subject 
chosen, called the main field, and two other fields, called related fields. In the 
particular case of the CNAM engineering diploma with specialization in 
scientific labour management, one of the two related fields must be of a 
technical or scientific nature. ) 

The second example is that of the dipldm'e d^tudes 6conomiques sup6- 
rieures (higher economic studies diploma) awarded by the same establish- 
ment Most of these diplomas are awarded in subjects which are somewhat 
remote from the engineering field, such as, for example, insurance, commercial 
law. economics and banking techniques, the history of labour and industrial 
relations, the organization and operation of financial markets, the physiology 
pi labour, vocational selection and guidance, financing and accounting 
techniques in business, etc. 

However, certain other special subjects for the CNAM higher economic 
studies diploma, less remote from the engineering field, require some studies 
of a technical nature In this connexion the following examples may be ; 
quoted- (a) the 'history of building', for which a certificate attesting to 
successful completion of a technological course is required (civil engineering, 
chemistry applied lo materials, industrial heat technology), (b) economic 
geography', for which a certificate ajte|tjng t0 the successful completion of a 
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scientific or technological course is required (agriculture, industrial chemistry, 
spinning and weaving, metallurgy, industrial electricity), (c) industrial and 
statistical economies', wjjka compulsory one-year course in a technological 
subject cj?dsen by the candidate. 

In Belgium, tfiere is an educational course and diploma for commercial 
engineers', on the same lines as those quoted above. 

Unlike those 'scientists' who may become real engineers by acquiring in 
industry the practical experience they lacked, it can be seen that the econom- 
ists described above do not receive, either during or after their studies, 
the theoretical education and practical training that could qualify them for 
one of the categories of higher technrcal professions. Obviously this is a 
question, not of level, but of type of career. 



8.5 Interdisciplinary work 

When speaking about interdisciplinary, a clear distinction should be drawn 
between interdisciplinary education on the one hand and the interdisciplinary 
f practice of a profession (or group of professions) on the other. The former is an 
educational matter, whereas the latter concerns the use of an interdisciplinary 
team to solve problems of varying degrees of complexity arising from the 
practice of a profession or a group of professions 

The majority of national associations of engineers to whom the question 
was put deplore the virtually total absence of interdisciplinary education in 
schools. 

This does not imply the absence of interdisciplinary in the broadest sense 
of the term. Biology is not taught in engineering.schools, and only little time — 
sometimes too little — is given to psychology, economics, organization and 
management. It is not, therefore, a question of expecting institutions to 
produce engineers who are also experts m the combined fields of psychology, 
biology, economics, organization, management and technology, at most, it is 
a question of giving engineers, in the broad sense of the term interdisciphn- 
anty', the ability and taste for working, when necessary, after they graduate, 
with psychologists, biologists, economists, organizers and management 
specialists. 

The critii^sm of the lack of interdisciplinary in enginenng schools thus 
refers to a narrower aspect of the term. The engineering student usually 
receives a thorough grounding in mathematics, physics, chemistry, mechanics 
and the engineering sciences. However, he receives very little instructiop as 
to how to weld this knowledge into a whole with a view to solving specific 
f problems of the type he will meet after graduating. It is in this narrower sense 

of a lack of education in taking the over-all view that one should interpret the 
almost unanimous criticism directed against the lack of interdisciplinary in 
the education imparted by the majority of engineering schools. 

There is also criticism in relation to another aspect, equally essential for the 
student embarking on an engineering career, that of the development of 
creative ability, closely linked with the ability to take an over alf view of the 
knowledge acquired. 
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Many methods have been proposed— and sometimes put into practice— for 
developing from school onwards the future engineers creativity and ability 
to take an over-all view. 

The most usual method is that of introducing projects during the course, 
or an end-of-course project. The effectiveness of projects during the course 
(and, m some schools, of an end-of-course project) is greatly reduced by the 
fact that they are earned out in small groups, which of course develops the 
ability to work in a team but at the same time takes away from the value of 
the individual effort. The end-of-course project (an individual one in most 
schools) has the opposite advantages and drawbacks, and has occasionally % 
the adclitional defect of tiemg too, theoretical. Here the ideal, for both group 
and individual projects, is obviously to choose a realistic subject, taken from 
industry, and devised m addition to serve as a basis for a practical, economi- 
cally feasible project. 

At all events, projects have for some time now been making a noteworthy, 
if as yet insufficient, contribution towards the interdisciplinary education of 
engineers. The exdmgtes in France of both Stateand private icoles des arts 
et metiers* is typical in this>e§pect, the addition of a fourth year of studies— 
largely devoted to practical projects gemming from industry— has consider- 
ably widened the horizon of the engineers who^graduate from them, by giving 
them a professional qualification distinctly superior to that of earlier graduates, 
whose course lasted only three years. 

Another idea for developing creativity and the ability to take an over-all 
vi6w\ of knowledge acquired would be to introduce into the curricula of 
engineering schools, following the basic scientific education (mathematics, 
physick chemistry, mechanics) ^nd as a substitute for certain engineering 
sciences) of an encyclopaedic nature (such as electrical engineering, heat 
technology, metallurgy, etc.), engineering sciences of a more phenomenolo- 
gical nature. 

As their name indicates, such engineering sciences would dwell at greater 
JerigttvQnthe study of a given phenomenon recurring m various technological 
fields, ratfter ttjan ^ succession of more encyclopaedic studies of various 
technological field^each of which is taken as a whole. An example of such 
a pKeftwDgnological stucTy might be provided by the study of the phenomenon 
of pla^ti^Jotlrrd^ot only in metallurgy (plasticity of metals at high tempera- , 
tures)l3ut alsD+A^the^eclipQjogy of bu^dm&matenals (plasticity of cement at 
ambient temperatu^^ajid^uicTn^ ( pfashcjty' or viscosity, of liquids), 
not to mention the techn&tegvj gf plastiSs^^fiSiStance to extrusion), paper 
manufacturing (the 'consistence^fs^ijp)^ etc. ^--^^ 

However attractive at first sight, thelJpf*Ufcation of this rcfe& \xy practice 
comes up agamstieach<ng difficulties. The factis s thot4he number of known 
phenomena wh^ch lend themselves to tfie teaching of theptreaQmenological 
sciences of engineerTrrg^not enough to cover the vast field jofl^ntJwtecJge 
which is at present well coveYecUby a succession of more encyclopaedic 
studies of various technological fields,' each of which is taken as a whole. 

A very interesflngjdea— and one which can quite easily be put into prac- 
tice— is to introduce TnTa Hjej curricula of engineering schools what is now 
called by general agreement sV5^™k$cience or, in a more restrictive sense, 
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systems engineering'. This study leads not only to a new way of thinking but 
also to new working habits and knowledge of what is in fact a new science 

The new way of thinking ( systerps approach ) consists in regarding a 
more or less cpmplex system— technological, biological or economic — not 
as a group of components of which one seeks to know in detail the individual 
characteristics and interactions, but as an entity fo be distinguished by its 
over all behaviour, irrespective of that of its constituent parts. This approach, 
which of course requires methods very different from traditional ones, 
proceeds, unlike the latter, from definitely synthetic, and'not analytic, think- 
ing. The use of the systems approach in schools can, therefore, lead only to 
the development of a synthetic and creative turn of mind, which is not parti- 
cularly encouraged by the current analytic approach. 

Accustomed to workirrg, from the engineering school onwards, on over-all 
(and relatively complex) technological problems, which he is able to master 
thanks to the education imparted by the school, the engineer will find it only 
natural on leaving school to continue to work in a team, on over-all problem^ 
which are still more complex and which he will no longer be able to master on 
his own. The extraordinary flexibility of the systems approach, which allows 
of continually passing from the simplest to the most complex group, would 
thus enable the engineer to pass almost imperceptibly from J^he most narrow 
aspect of interdisciplinary at the engineering school to its broadest aspect in 
his professional life. After having worked at school on the over-all aspects 
of relatively simple technological systems, on leaving school, he will work 
with other engineers on more complex technological systems, and subse- 
quently, when necessary, with psychologists, biologists, economists, 
organizers and management specialists, on the stiHmore comple'x systems of 
the everyday world. 

The new science itself, systems science, has many aspects, not all of which 
need necessarily be taught in detail in an engineering school. They include the 
following, which wejist for the sake of clarity: 

The over-all identification of an unknown system, by observing its over-all 
behaviour in relation to certain appropriate stimuli or tests, with a view to 
constructing a simplified mathematical model of the' actual system 
observed. 

The sensitivity of the System to a specific cause among the many possible 
causes influencing its behaviour with a view to detecting the causes to 
wich it is particularly sensitive and being able to apply the most effective 

t remedy to undesirable effects by acting on its 'sensitive points', this is, 
moreover, the normal biological behaviour of any living being, which 
reacts quickly in the first place to any harmful influence by means of its 
most efficient organ, and then terminates its response in a more balanced 
fashion by means of several of its appropriate organs simultaneously. 

The hierarchy of a system, by distinguishing betvteen low level control 
elements, responsible for rapid and effective responses requiring relatively 
simple decisions', and high-level control elements, which make more 
complex 'decisions' requiring more time and thus leading to slower 
responses- * 

The mathematical background required by systems science is of a level 



ERJC 



fi .2 4 



•2 Standards for engineering qualifications 
\ 



which is fully compatible with that of the mathematical knowledge of a 
student at a modern engineering school. This knowledge would be more than 
sufficient for a study at school of the rudiments of systems science, intro- 
duced for essentially educational purposes. The subsequent extension of this 
knowledge by means of continuing education woulc^ enable the engineer to 
participate, when necessary, in the solution of highly complex problems by 
making use of computer science, automatic control or operational research 
methods. r 

Setting aside the powerful instrument for interdisciplinary education and 
training, both at school and afterwards, which an appropriate introduction to 
systems science would provide, there are at present three different way&of 
acquiring interdisciplinary education during the course of a professional 
career:' , ' 

1 Contacts with other engineers in working groups, while taking part in 
continuing education, or while exercising the profession, contacts witi* 
colleagues, supervisors and subordinates which lead to acquiring a broader 
outlook than that acquired gt school. 

2 Moving from one type ofwork to another in a succession of posts yvith the 
same firm, or with different firms (mobility). Such mobility obviously 
requires a souod general education at school and the acquisition of the 
ability to 'learn to learn'. 

3 As a result of promotion, the engineer may acquire a more comprehensive, 
and less specialized (Yess specrfically technical) outlook. He is thus 
obliged to pay more attention to the problems of management, financing, 
personnel, social psychology, marketing, sales, etc., than to purely 
technicaf problems. ' 

In Denmark, the two Danish associations of engineers (categories C and 
L) organize interdisciplinary courses in medical technology, town planniHg 
and urban economics, business management, etc. 

In Finland, 50 per cent of graduate engineers are employed in administra- 
tion and planning. 

In France, socio economic surveys conducted in 1967and1971 show that 
from the age of 40 onwards, roughly one- half of graduate engineers perform 
functions which go beyond the purely technical, such as the management of 
industrial firms (the usual culmination of their career), commerce, banking 
and insurance. 

Several channels for continuing education in management are reserved 
for this purpose and used by a large number of engineers, these include the 
Institut d'Administration des Entrepnses (IAE), courses held by the Pans 
Chamber of Commerce, etc. 

In Norway, many heads of industry are engineers. However, there is a 
widespread drive to provide interdisciplinary training for engineers, if not at 
school, at least thereafter. 
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9.1 The common denominators of the 'Continental' 
and 'British' systems , 

In Section 1 2 we defined three categories of professional technologists, 
category C (conception engineers), category L (liaison engineers and senior 
technicians), and category E (execution technicians). 

We also saw that the over-all characteristics of these three categories 
fitted satisfactorily into the 'Continental system' (based on primarily aca- 
demic criteria as expressed in diplomas awarded by universities or schools), 
* with the over all characteristics of entrance requirements and the duration 
and level of studies as indicated in.both the Draft Directive No. 2 established 
by the Commission of the European Economic Community and the FEANI 
European Register of Higher Technical Professions. Thus, (a) category C fits 
in with both section 1 of the draft directive and category As of the register, 
(b) category L fits in with both section 2 of the draft directive and categories 
Ab and Ba of the register, (c) category E fits in with section 3 of the draft 
directive, though it has no equivalent in the register, which is reserved for the 
time being for higher technical professions only. 

Next, in the 'British system' (based on primarily professional criteria as 
approved by professional institutions), with the three respective categories 
of chartered engineer (category C), CEI technician engineer (category L) and 
CEI technician (category E). ' 

The primary difference between the 'Continental system', prevailing in 
sixteen out of the eighteen FEANI countries, and the British system', which 
prevails in the United Kingdom and Ireland, is as follows. 

The former, based on essentially academic criteria, necessarily involves, 
in addition to the definition of the level of knowledge acquired, that of 
entrance requirements (and therefore the duration of secondary schooling) 
of universities or schools, and the duration of studies thereat. 

The latter, based on essentially professional criteria, r&iuires only the 
definition of the level of knowledge acquired, to which should be added 
that of certain professional requirements (in particular, a minimum period of 
professional experience before gaining the right to assume a professional 
qualification). It does not involve criteria for the duration of either secondary 
education or post secondary studies (though the age limits indicate that 
some maturity is required). 

This difference might-give rise to difficulties in the formulation qi legal 
definitions of tha various categories of professional technologists. 

er|c . K4 • 
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As for the substance of the problem, the example of a practical achieve- 
ment, at the non-governmental level, provided by the European Register of 
Higher Technical Professions, instituted by the professional associations of 
the eighteen member countries , shows clearly that the two systems 

undoubtedly have common denominators. 

This register is based on the following main considerations. 
The decisions of the national register office of any one of the eighteen FEANI 
countries are recognized— except in the event of an appeal, in disputed 
^cases, to the Register Committee— by the national register offices of the 
other seventeen countries. 
In conformity with this principle, each of the national associations which 
are meqnbers of FEANI -submits to the .Register Committee the list of 
schools in its country whiph, in its opinion, are empowered to award 
diplomas in this or that professional category, this list is finally approved 
by the Register Committee, i.e. by the eighteen national associations as a 
whole. 

Also according to this principle and with particular reference to professional 
technologists without any formal qualifications ('self-educated'), each 
national register office is entitled to make such technologists take a 
professional examination before a board of specialized examiners, and to 
enter them, if they pass, in the appropriate professional category, these 
decisions are binding on the national register offices of the seventeen other 
countries; 

The situation on th$ United Kingdom and Ireland is somewhat Similar to that 
of the 'self-educated' in the sixteen 'Continental' countries of FEANI, 
though with this difference, that it is the general rule with the former, and 
the exception with the latter. 
This last remark calls for reflection, as it shows clearly that the apparent 
differences between the 'Continental' and British' systems are differences of 
form rather than of substance, and that in fact the two systems have common 
denominators. * 



Possibilities of applying the European experiment 
of FEANI to other continents 

We have seen that: 

First, the structure of the engineering professions in Europe comprises— for 
sixteen of the eighteen FEANI countries, i.e. excepting ltdly and Czecho- 
slovakia—three separate categories of professional technologists, concep- 
tion (C), liaison (L), and execution (E). 

Second, this ternary structure comprises the possibility of a certain difference 
of levels between schools within each of the three categories, since they 
are defined by minimum over-all criteria and not by hard and fast rules. It 
is in fact the idea of the common denominator' which makes possible the 
mutual recognition of qualifications resulting from the education provided 
in various countries at a given time. A certain amount of flexibility in the 
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definition of criteria also makes it possible to take into account trends in 
education over a period of time. The level of a school may vary slightly from 
time to time without its graduates changing their professional category on 
that account. ■ 

Third, in the event of a more important change in the level of a given school, 
its graduates may have to be classified in another category, without the 
structure of the technical professions as a whole being modified thereby. 
An example of an important change of this kind is to be seen in Spain, 
where schools which now educate mgenieros tecn/cos mdustriales corre- 
sponding to category L, formely educated peritos mdustriales, corresp6nd- 
ing more closely to category E. 

Fourth, Continental' and British' systems which, moreover, also exist outside 
Europe, have common denominators, notwithstanding their apparent 
differences. 

~ _ This all goes to make the 'European system' a single and coherent whole, 
despite apparent differences, which are chiefly those of form. 

This system could therefore be applied, at least qualitatively, to countries 
situated outside Europe. 

It is however obvious that from the quantitative point of view, the numerical 
distribution of professional technologists between the three categories— C 
(conception), L (liaison) and E (execution)— which already varies fairly 
widely from one European country to another, might vary still more widely in 
certain countries outside Europe. 

The optimum numerical distribution does not follow, a prion, any general 
rule, and should be considered separately in each particular case. Appraisal 
factors which might influence it include the following: * 
The current economic situation of the country under consideration, of course 
taking foreseeable trends into account. Trends in the desirable distribution 
of professional workers between the three categories should obviously be 
slightly in advance of foreseeable economic trends, they should not lag 
behind-or even be too much in advance, since this might be liable to upset 
the balance between availabilities within categories and the opportunities 
for making the best possible use of them, such lack of balance would, of 
course, in turn be detrimental to the subsequent economic development of 
the country concerned. 
The quality and quantity of skilled manpower available. The existence of 
large numbers of good skilled workers makes the settling down process 
very much easier for professional technologists joining industry, it simplifies 
their practical training problems correspondingly and facilitates their inte- 
gration in industry. A shortage of skilled manpower might make it desirable 
- to have a rather larger proportion of category E execution technicians, and 
even of category L liaison engineers and senior technicians, in order to 
supeTvTse and train existing manpower. 
It is necessary to consider the existing situation in a given country. The 
optimum distribution of professional technologists by category should not 
be defined globally but for each branch of industry, For example, Belgium 
which has usually a fairly high proportion of category C conception 
engineers does not produce either aircraft or automobiles. Hence the 
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proportion of conception engineers required in the aircraft and auto- 
mobile sectors is normally smaller than in other industrial sectors in 
Belgium. The chief requirement in Belgium for the aircraft and automobile 
sectors is category L liaison engineers and senior technicians, and above 
all, category E execution technicians to service and maintain fordign- 
produced aircraft and automobiles, the situation is obviously very different 
in the chemical industry or metallurgy. 
The existence of associations of engineers and learned societies which are of 
relatively long standing, with well-established traditions and e sound 
organization is a specially important factor for. (a) a reliable professional 
qualification for new generations of technologists— this becomes a 
basic consideration where the professional qualification is the concern of 
the associations of engineers or learned societies themselves (as in the 
'British system') and not of universities and schools (as in the Continental 
system'), (b) the proper organization of continuing education, (c) the « 
efficient supervision of the practical training of professional technologists* 
except where such supervision is entrusted to universities and schools. 
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Austria / j 

After four years' primary education at the Volksschule, the Austrian pupil has 
a choice of two types of secondary education, (a) a more traditional type 
(Gymnasium), leading on completion of eight years* secondary education to 
the secondary school leaving certificate which gives access to university 
education, (b) a more modern, practical type (Hauptschule), leading on 
completion pf four years' education to the lower secondary school leaving 
certificate. 

Dipiommgenieure are educated at the Technische Hochschulen ,( technical 
, universities) of Vienna and Graz, the Mining and Metallurgical CollegS, . 
Leoben, the State College of Agriculture, Vienna, and the Faculty of Ciyil^ 
Engineering and Architecture of the University of Innsbruck, to which thBy 
are admitted on leaving the Gymnasium (i.e. on completion of twejve , years, 
primary and secondary -education), with in some cases an additional entrahce 
examination. 

As regards particularly the Technische Hochschulen, the course lasts ten 
semesters (five years), with the following special Subjects, industrial chem 
istry (nrunferal and organic chemistry, biochemistry and the chemistry of food 
products, engineering chemistry), in which the student specializes on com- 
pletion of the fift^ semester of common Subjects, mathematics (physics- 
oriented, economics oriented, data processing), with specialization on 
completion of the fourth semester of common subjects, computer science, 
architecture (civil engineering and town planning, building and interior 
design, general architecture and surveying), with specialization on comple 
tion of the fourth or sixth semester of common subjects, topography and 
geodesy, industrial sciences (workshop technology, boilers and reactors, 
piston engines, fluid engines,, continuous processes), with specialization on 
completion of the fourth sepiester of common subjects, electrical d^kneering 
(h\<Jh intensity currents, industrial electronics, telecommunlcatiOT^, with 
specialization on copiplettan of the fodrth or sixth semester of common 
subjects. * 

The coatees in all the establishments in this category Jead to the qualifica- 
tion of Diplomingenieur. 

ingenieure are educated in technical colleges (Technische Mtttefschpfe) to 
yfiMfih they are adnjjjted on leaving the Hauptschule (i.e. on completion of 
eight years* primary and secondary education). They remain there for five 
years ari*d obtain the qualification of 'engineer', which in some cases gives 
access to university education. The engineer is however finally confirmed 
only after four years' practical experience in industry. 

Technicians are educated in vocational schools, to which they are admitted 
on leaving the Hauptschule (i.e. on completion of eight years' primary and 
secondary schooling) and where they take a four year technical course. 

The Federal Law of 1 0 July 1 969 regujates the use of the university degree 
of Diplommgehieur, and the Federal Law of 7 July 1948 regulates the use 
of the qualification of 'engineer'. As has already been seen above, the latter 
corresponds to a total of thirteen years, primary, secondary .< and technical 
education, followed by four years 7 practical experience. A recent law which 
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came into force on 1 January 1973 established, an Austrian register of 
engineers. J « . • ^ % , 

The Technische Hochschu/ecu>o™e urtder the Federal Ministry of Science 
and Research, while the federal institutions of technical education (Tech- 
nische, Mittelschujen) come under the Federal Ministry of Education and 
' the Arts. t - 

The Cander schools c&me directly under federal ministries. Private schools 
are independent but they receive assistance from the State (such as, for 
example, the supply of teachers). 

The curricula of technical education institutions are defined by a decree of 
the Federal Ministry of Education and the Arts, and their application is super- 
vised by Lander inspectors. General educational supervision is carried out by 
the governing boards Qf the Lander schools 

lndustry # examines changes in curricula before they are introduced, and 
states its requirements to the governing bodies of technical education institu- 
tions. 

Adstria has concluded an agreement with the Federal Republic Qf Germany 
for the mutual recognition of engineering qualifications. 

Diplomingenieure f graduating from the faculties of architecture of the 
Technische Hochschu/e tend for the most part to go in for the technical side 
of building, and represent two-thirds of the personnel bf large architects . 
firms ttfagisterarchttekte (masters of architecture) graduating from academies 
tend rather to choose the artistic side. 



Belgium, 

* >. 

After six years' primary education, the Belgian pupil has a choice between two 
types of education (a) secondary education ('humanities') lasting six years, 
(b) technical education, also lasting six years. 

Ing6njeurs civils Ire educated in the faculties of applied sciences ©r 
agricultural sciences of a university, except for. (a) the Polytechnic Faculty.at 
Mons, which comes under the Province of Hamault, (b) tne State Faculty of 
Agricultural Sciences at Gembloux, vVhiCh comes directly under the State. 

These two faculties will shortly beepme^p^rt of aft existing university. 
Universities are either State Institutions* (Li§ge, Gent), coming under the 
Belgian Ministry of Education and Culture, or private institutions (Brussels, 
Louvain), and therefore autonomous. • . , 

Ing6nieurs techmciensare educated "m schools WKtechnician^engineers, 
which ere separate froovthe gniver^sities ' 

The entrance requirement for both universities ^ncl schools fT5r ing^nieurs- 
techniciens^ is the secondary-school leaving certificate (humanities), 
including the following science subjects, basic mathematics (plape and solid 
geometry, analytical geometry, algebra, elementary differential ancl integral 
calculus, arithmetic, rectilinear and spherical trigonometry,- descriptive geo- 
metry, Rtiniiencal calculus), sconce (physics, chemistry- arid biology), 
^drawing* 
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The qualifications of te&hmcien supfrteur, technicten gradue', cunducteur 
technique or assistant d'mgimeur is conferred by appropriate schocfls which 
are separate fronrv the universities - 

The entrance requirements are slightly lower than for mgSnieur civil and 
inge'nieur'technicien.* 

The course fpr mg6meur$~ctvils consists of two cycles spread over at least 
five years, comprising (a) h two-.year cycle candidature leading to the certi- 
ficate of candidal ingtmeur c/wV 'or candidal ing& nteur agronome, (b) a three- 
year'cycle leading to the degree of inge'meur civil or inge'meur agronome. 

Jnge'n/eurs-techmciens are educated in higher secondary technical 
establishments. Thau studies last three or four years? depending Qn the school. 

The techmcien sup6(ieuf, technicten gradue', cqnducteur technique or 
assistant d inge'meur is at present trained 'in higher technical short-cycle 
schools (in application of the Law of. 7 July 1$70), whereas formerly this 
training took place in higher primary technical schools. 1 Education consists 
of a two-year course with emphasis on practical work (22 per cent of the time 
is devoted to basic technical-scientific education). 

TechnictenS are educated- in various branches of secondary technical 
education, in appropriate institutions set up by the State, the province, the 
commune or privately. 

A distinction can be drawn between two levels, (a) the lower secondary 
cycle, comprising in theory four years, plus a year of further education as 
necessary, the entrance level being that of the primary-schopjleaving certifi- 
cate, (b) the higher secondary cycle, reserved normally for pupils who have 
satisfactorily completed the third year of the lower secondary cycle, it 
comprises ttoree years'pius an optional one- year course m a special subject or 
further education as, necessary. * 

Education at the candidature level for the diploma of inge'meur civil (first 
cycle, tvvo years) comprises the* following subjects, analytical geometry, 
descriptive geometry, applied descriptive geometry, higher algebra, differen- 
tial calculus, integral calculus, introduction to the calculus of variations and 
th^Jcalculus of finite differences, analytical mechanics, graphic statics, ele- 
_j»^ntary astronomy and geodesy, general physics and elementary theoretical 
and mathematical physics, general chemistry and elementary physical chem- 
istry, introduction to the theory of probability and the theory of observational 
errors. " ^ 

Whatever their special subject, future inge'meurs civils takfe the following 
common subjects during the second cy£le of the course (lasting threfe years), 
natural material^ used in industry (mineralogy, geology, mining geography,, 
elementary analytical chemistry), the use of natural materials and the pro- 
, duction of artificial materials (fuels, metals, natural and artificial stone, 
timber, industrial Materials) which calls for a knowledge of general metallurgy, 
iron and steel making, metallography, the use of fuels, industrial chemistry 
and general ponstruction^ engineering processes, applied physics and * 
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mechanics (elasticity, resistance of materials, notions of^he stability of 
structures, hydraulics, thermodynamics, kinematics and the dynamics of 
machines, electricity and its industrial applications), mechanical and indus- 
, trial engineering (technology, description and construction of machWfr, 
industrial plants, the rudiments of topography), political and social economy 
'and an introductidn to industrial law. 

The nine specialities open to mg6nieurs ctvt/s call for a study of the follow- 
ing special subjects: 

Mining further courses in mineralogy and geology, palaeontology, topo- 
graphy, including underground topography, mine working, a further course 
m metallurgy, applied geology. 

Civil engineering building and civil engineering, a further course in the 
stability of stajctures, a further course in hydraulics, architecture and the 
history of architecture, topography; railroad working. 

Metallurgy a further course in analytical chemistry, a further course in indus- 
trial chemistry, physical chemistry, including thermochemistry and 
electrochemistry, a further course' in metallurgy (iron and steel, -and nont 
.ferrous metals), including electrometallurgy, a further course in metal- 
lography. . | 

Chemical engmeeripg a further course in analytical chemistry, a further 
coucse in industrial chemistry, physical chemistry. ' 

Electrical engineering tailroad working, electricity and its industrial applica- 
- tions (advanced course). 

Mechanist engineering raijroad working, a further course in the construc- 
. tion of machines, electricity and its industrial applications (a further course). 
Shipbuilding a further course in the stability of structures, a further course in 

hydraulics, theory of ship design, shipbuilding and marine technology, 

boilers, naval and auxiliary engines. 

Architecture, civil architecture and the h\sloxy of archltectur&\a further dourse 
in the stability of structures, ^valuation of earthworks, bridge building, 
ways of executing various types of^yvork, build+og legislation, architec- 
tonic composition^ topography. •) 

Textiles study of textilS fibres, special technology of spitting, special 
technology of weavmg, study of colouring matters, special technology of 
dyeing; special technology of fabric finishes " - 

Whatever the special syllabus chosen, the course qualifying for the degree of 
mg6nieur civil includes the preparation of a terminal projept. 

On completion of a further* one- year course, an mgtinieur civil may obtain 
3 university degree in one of the following twelve special subjects, geology, 
operational research, physigs, applied mathematics, hydraulic works and 
hydrography, Tadioelectricity, town planning, industrial management, 
applied nuclear sciences, petrochemistry, geotechmcs, automatic control. 

As regards agricultural engineering, " Belgium has the following two 
degrees of mgtn/eur civil irig6nieur civiKagrpnome and mgdn/eur civil 
chimiste et deb industries agr/coles. 
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The two year' candidature course for these degrees includes the study of 
the following subjects, mathematics, chemistry, biology, soil science, intro- 
duction to the social sciences. 

The course for the degree of ingGmeur, civil agronome (three years) 
includes. 

1 The following common subjects, advanced biology, soil and environmental 
sciences, plant and animal production, engineering techniques, industrial 
processing of natural products, economics. 

2 A comprehensive study of one of the following fifteen subjects, general 
.agronomy, agronomy of tropical and 'subtropical regions, stock farming, 

plant technology, forestry, horticulture, plant protection, agricultural 
engineering, farm economics and sociology, farm economics and sociology 
applied to developing countries, land management, soil science, applied 
botanies, applied geology, nutrition and dtetetics. 

3. A terminal study on the subject which has been studied in depth. 

The course for the degree of mg^meur civil chimiste et des industries agr/coles 
(three years) includes: 

I.The following common, subjects, theoretical and physical chemistry, 
analytical chemistry, organic and biological chemistry, agricultural chem- 
istry and physics, industrial biology and microbiology, industrial physics, 

^ engineering techniques, technology and management of food and 
agricultural industries. 1 ' * 

2 A comprehensive study of the basic and applied aspects of one ofMhe 
above mentioned eight subjects or of the technology of an agricultural 
industry. ( 

3. A terminal study on the subject which has been studied in depth. 

The right to use th$ designation of mg6meur civil or tnggnieur-technic/en \& 
regulated by the Law of 11 September 1933 on the protection of qualifica- 
tions in higher education. 

On the other hand, the qualifications conferred by the short cycle of higher 
technical education (techntcien sup&jeur, techmcien gradu6, conducteur 
technique, ass/stant d'ing6nieur) are not protected. 

University institutions are governed by a board of directors on which the 
government is represented. Their financing and supervision are regulated by 
the Law of 27 Jury 1971. - v 

Curricula are defined by legislation oh academic degrees aqd the programme 
of university examinations. . ft 

The supervisory -ministry is the Ministry of Education and Culture. 

The requirement^ of industry are stated to the university by means of a body 
known as the Fondation Industrie-University. 

fng4meurs jethntciens may obtain the degree of mgimeur civil after a 
three year additional course. Only 1 per cent .of then\ choose this way of 
advancing in their profession. 
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Belgium also has what is known as a jury central, or central examining 
body. Seli^educated persons may acquire a diploma or certificate without 
regularly attending formal courses, provided that they give evidence of a 
corresponding level of #ieoretical and practical knowledge before such a 
central examining boaY 

Equivalences have frlen legally established between the academic degrees 
awarded in Belgium and territories formerly subject to Belgian-sovereignty 
or entrusted to Belgian administration, they are now being revisea. 

The faculties of applied sciences reserve the right to test the level of 
knowledge acquired abroad and to make sure that a candidate possesses 
adequate knowledge of the language in which education is imparted. 

The Law of 26 June 19,63 setting up an Ordre des Architected obliges 
civil engineers ""graduating after that date to take a two years practical course 
before having the right to sign, in their capacity as architect, plans for technical 
work which are solely within their competence as graduate engineers. 
Graduates in civil engineering who have specialized in architecture are exempt 
from this requirement. 

The above information calls for the following corr/ments: 

1 In the review part of this study the Belgian mgimeur avii was quoted as a 
reference example of scientific education leading to a career in conception'. 

2. It should be noted that some institutions training mg^nteurs-techntc/ens 
provide a course lasting three years, whereas with others it is four years, 
which inevitably raises problems. 

3 The reader will note the difficulty encountered by the mg6nteur-techntcien 
who seeks to become an mgimeur civil, namely the requirement of three 
years' additional studies. This is due to the need to complete his basic theor- 
etical education in order to be able to change from a liaison' career to a 
career in 'conception'. 

4. The readet will also note the existence of a central examining body making 
it possible for self-educated persons to obtain a degree 

Czechoslovakia 



The primary and secondary education of those going in for technical careers 
usually comprises nine years elementary education followed by a four-year 
science course at a Gymnasium Special primary and secondary education 
also comprises nine years' elementary education, followed in this case by a 
four-year specialized technical course 

Both these types of education give access to technical universities provid- 
ing a four year course for engineers Refresher courses for former higher 
education students entitle students to a number of days or weeks of leave for 
the preparation of examinations, during these courses they are paid by Jhe 
industry for which they work. 

The qualification of engineer is reserved fdr former students of technical and 
agricultural universities who have completed the course at one of the 
sixteen universities and obtained a corresponding degree, 






Ail technological education establishments come under one of the 
ministries of education (one for the Czech countries, the other for Slovakia), 
All are financed by the State. 

The appropriate Ministry of Education is responsible for education, 
estabiishes the principles and objectives of teaching and scientific activities 
and the .general curriculum of education. Detailed curricula are approved by 
the rectors of technical universities, and their implementation is supervised 
by the State. 

The requirements of industry are expressed by the appropriate ministries 
and transmitted to the Czech or Slovak Ministry of Education 

Architects graduate from the same technical universities as engineers. 
The above informi&ion calls for the following comments. 

1. Technical universities provide a four-year course at university level for 
those who have completed thirteen years' primary and secondary educa- 
tion. Engineers graduating from these institutions therefore meet the 
requirements of category C (conception). 

2. Graduates from special technical schools have successfully completed 
a four-year technical course, after nine years' elementary education, i.e. in 
all thirteen years' education, including four years of technical subjects. 
They therefore fully meet the standards for category E (execution). 

✓^-3 This binary pattern, which does not include category L (liaison), differs 
from the ternary pattern to be found in the great majpnty of the other FEANI 
countries (see the monograph on Italy). 



* Denmark 

The system of general education in Denmark comprises primary education 
(hovedsko/e) lasting seven years in all, the last two years of which are divided 
into two streams, the boghg lime leading on to a more classical type of edu- 
cation, and the a/men lime leading on to a more modern type of education. 

'After the two-years of boghg lime (completion of primary education) and 
two years of realafdelmg (the beginning of secondary education) pupils 
may go on to a further three years of secondary education in a gymnasium 
leading up to the studentereksamen (entrance examination for higher educa- 
tion) At this stage (i.e after twelve yeirs primary and secondary education), 
they have a choice of two higher engineering schools, the Danmarks Tekniske 
Hojskole (DtH ) (Technical University of Denmark) where they take a five- to 
five-and-a-half-year course leading to the qualification of civil engineer 
(civilmgemer), or the Danmarks Ingemorakademi (DIA) (Danish Engineering 
Academy) where they take a three and a half to four year course leading to 
the qualification of academic engineer (akadem/mgen/or). 

As regards professional technologists in other categories, after the two - 
years of a/men lime (completion of primary education) the.y take a two-year 
, technical secondary course (tekmsk lime) followed by either one year of 
theoretical education and three years of practical training or four years' part 
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-time theoretical and practi^gl education leading to the diploma of tekmker 
(after thirteen years' primary and technical education), 

A tekmker who continues to study for a further three years at a teknikum 
obtains the diploma of teknikumingenier, 

Education ,at the Danmarks Tekniske Hojskole comprises a five-year 
course for civil engineering or five and a half years for electrical, chemical and 
mechanical engineering It consists, in chronological order, of. a compulsory 
common cpre of mathematics, chemistry and physics , groups of compulsory 
courses in optional subjects , groups of non-compulsory courses in optional 
subjects. 

The course at the Danmarks Ingeniorakademi does not allow of any free- 
dom of choice for the first two years, and, for the remaining years, the choice 
of optional subjects is much more restricted than at the Danmarks Tekniske 
Hojskole. 

Six months to one year of practical training in industry is provided for 
students at the Danmarks Tekniske HojskoJe and the Danmarks Ingenior- 
akademi. 

As regards continuing education, m 1 971 the two professional associations 
of Danish engineers provided more than 300 courses, amounting to 200,000 
student hours, which were taken by 4,000 to 5,000 engineers. These courses 
were devoted to the updating of knowledge and reconversion, wfiere neces- 
sary, to another field. 

For further education, there are courses at the Danmarks Tekniske Hoj- 
skole to a technical diploma and doctor's degree Advanced courses may 
also be taken at the School of Economics and the university. 

The qualifications of civilingemer (Danmarks Tekniske Hojskole), akademi- 
ingenier (Danmarks IngeniOrakademi) and tekmkumingemer are restricted 
to graduates of the corresponding school. This does not, however, constitute 
a legal restriction in regard to the practice of the engineering profession. 

Both the Danmarks Tekniske Hojskole and the Danmarks Ingeniorakademi 
come under the Ministry of Education, which approves the programme of 
examinations, Curricula, on ^e other hand, are drawn up by the technical 
university (flfcby the school itself. These institutions are 100 per cent State- 
financed. k 

The requirements of industry ak regafas trjese two institutions are expressed 
by the examiners in addition, the Danmarks Jngeniorakademi has an advisory 
committee which is empowered to make changes in curricula and examina- 
tions, ten of the members of this committee represent industry. 

The two Danish professional associations of engineers organize inter-, 
disciplinary courses in medical technology, town planning and economics, 
management, etc. 

Finland 

« 

The pattern of general education in Finland is at present as follows. 

After 1 a first primary school course, lasting four years, the pupil has a 
choice between either a junior secondary-school course, lasting five years, 
followed by a senior secondary-school course, lasting three years, or a 
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senior primary-school course, lasting four years, followed by two years at a 
vocational school 

This being so, the facilities for educating professional technologists in 
Finland are at the present time as follows. 

. For graduate engineers either, in the case of those who ha*e completed the 
senior secondary school course (i.e. after twelve years' primary and secon- 
dary education), a four-and-a-^alf-year course either ata university or in a 
, technical faculty, fdllowed by one year's additional practical training 
(Six to nine months), or, in the case of those who hold a degree of engineer', 
a four-and-a-half-year course at a university or in a technical faculty, 
followed by one years additional practical training (six to nine months). 
Only 6 percent of graduate engineers' choose this particular form of 
-education. 

For 'engineers' In 30 per cent of cases, a four-year course in a technical 
college taken on completion of the senior secondary school course (i.e. 
after twelve years' primary and secondary education) which has been 
followed by twelve months' practical traimng, in 60 per cent of cases, a 
four-year course in a technical college taken on completion of the junior 
secondary-school course (i.e. after nine years' primary and secondary 
education) which has beeh followed by sixteen months' practical training, 
in 10 per cent of cases, a four-year course in a technical college taken on 
leaving the vocational school (i.e. after ten years' primary and vocational 
education) and pn completion of sixteen months* practical training -and 
two years at a technical school. 

In future, general education in Finland will comprise nine years' compulsory 
comprehensive education (replacing the existing four-year course of primary 
education and the five-ye&r course of junior secondary education) and 
three years' secondary education (replacing the existing three-year senior 
secondary-school course). 

This being so, in future educational facilities for professional technologists 
in Finland will be as follows. 

For graduate engineers, either a four-and-a-half year course at a university or^ 
in a technical faculty, followed by one year's additional practical training 
(six to nine months), taken on completion of compufsory comprehensive 
education and secondary education (i.e. after twelve years' primary and 
secondary education), or a four-and-a-half -year course at a university or in 
a technical faculty, followed by bne year's additional training (six to nine 
months), taken on completion of the nine years of compulsory com- 
prehensive education followed by two years at a vocational school, a 
period of practical training and supplementary education. 

For 'engineers, either a four year course at a technical college, taken on 
completion of compulsory comprehensive education and secondary 
education (i.e. after twelve years' primary and secondary education), or a 
four-year course at a technical college, taken on completion of the nine 
years of cpmpulsory comprehensive education, followed by two years at a 
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vocational school, a period of practical training and two years at a technical 
school, or again, a four-year c&urse at a technical college, taken on 
completion of the nine years of compulsory comprehensive education, 
followed by additional education, a period of practical training and two 
years at a technical school. 

Education for 'graduate engineers' is provided in the following faculties, 
mechanical engineering, wctod and paper technology, mining and metallurgy, 
chemical engineering, electrical engineering and applied physics, civil 
engineering, land Surveying, production techniques, architecture. * 
« Basic subjects taught during the first two years include mathematics, . 

physics, chemistry, social sciences and general technical subjects. Vocational 
subjects are taught during the last two years, after which six months are 
^allowed for preparation of a project. 

A supplementary six to ntne*months"practical training period is optional, 
but confers additional credit points for the*degree. 

The total number of crfedit points required for the degree of graduate 
engineer is 1 60. £ach credit point equals forty hours of work (compulsory or 
optional basic subjects, and vocational courses in the special subject chosen 
and related subjects). 

Training for engineers provided in the following branches, mechanical 
engineering, electrical engineering, civiLengmeenng and the timber industry, 
chemical engineering, paper manufacture, production techniques, data 
techniques:, data processing. 

The basic subjects taught during the first two years include elementary 
mathematics, mathematics, physics, chemistry, the two national languages 
(Finnish and Swedish) and one foreign language. The general vocational 
subjects, taught during the first two or three years, include technical drawing, 
strength of materials, mechanical engineering, electrical engineering, the 
technology of raw materials, etc. Special vocational subjects are taught 
during the last two years, and the last year includes a general grounding in 
production, economics, etc. 

A compulsory period of practical training, lasting twelve to sixteen months 
as the case may be, is taken partly before the technical-college course and 
partly during the summer vacation (which lasts four months). 

The usual duration of the course (four years) is reduced to three for holders 
of the secondary school leaving certificate (twelve years primary and secon- 
dary education). 

Technical colleges hold State-aided refresher courses for engineers. Those 
seeking to qualify for another special branch must Xakp a course in the new 
special subject together With twelve to sixteen months* practical training 
therein. 

The rnimstry responsible for the universities and technical colleges is the 
Ministry of Education, the National Board of Vocational Education, which 
forms part of this ministry, has a special section for technical education, 
which has particular responsibility for the administration of technical colleges. 

University syllabuses are drawn up by the Teachers' Council and supervised 
by the Ministry of Education. 
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The curricula of technical colleges are approved by the National Board of 
Vocational Education. .Some of these coNeges (four out of six) are communal 
or private, but they are also supervised by the board and are partly State-aided. 

The requirements of industry are expressed both centrally and locally. 

At the central level, industry, is represented on the Council for Higher 
Education in Technology and Commerce, an advisory body of the Ministry 
of Education and on the Vocational Education Council, an advisory body of 
the National Board of Vocational Education for technical colleges coming 
undfer the board's Technical Education Section. 

At the local level, industry is represented on the university council^and 
on the advisory councils of State technical colleges, whose members are 
chosen by the National Board of Vocational Education from among represen- 
tatives of local industry. 

Finland has concluded general agreements (not Urmted only to technical 
education) with the following countries: 

For exchanges of students, the Scandinavian countries, Bulgaria, Czecho- 
slovakia, France, the German Democratic, Republic, Hungary, -Poland, 
Romania and the U.S.S.R. « 

For exchanges of trainees. Austria, Belgium, France, Italy and Switzerland. 

Semi official agreements have been concluded by the Finnish Ministry of 

Labour with Canada, the Federal Republic of Germany, the United Kingdom 

and the United States of America. 
As regards the relationship between the engineering and architectural 

professions, the situation is as follows: 

For the universities architects graduating from faculties of architecture 
specialize in the design of buildings and regional planning. Graduate 
■Engineers specialize in. (a) the practical execution of projects, strength of 
materials, the supervision of construction, and the building of roads 
and bridges— in the case of those graduating from civil eaguieering* 
faculties, or (b) heating, plumbing and ventilation— in the case of those 
graduating from mechanical engineering faculties. 

For technical colleges, architects and engineers are educated in the civil 
engineering departments. Architects specialize in the planning of buildings 
and town planning, whereas engineers specialize in actual construction 
work. Moreover, 50 per cent of graduate engineers are employed in 
industrial administration and planning. 

The above information calls for the following~comments. 

1 The graduate engineer belongs to the conception category, whereas the 
engineer meets the criteria for the liaison category, at a comparatively high 
level. It may seem surprising at first sight that the entrance level and 
duration of the courses for the two types of education differ only very 
slightly. The mam difference lies in the caree; bias. The education of the 
Finnish engineer has been quoted for reference as an example of a liaison 
engineer. 

2. The reader will note the many channels giving access ±0 post-secondary 
education for engineers. 
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\ 3. It will also be noted "that an engineer seeking to become a graduate 
N engineer is obftijed to repeat the post-secondary part ofthe complete 

graduate course, due to the different career bias between the two types of 

education. 
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France # 

For those choosing a technical career, secondary education in .France offers 
the following alternatives. 

First, a scientific baccalaurGat (secondary-school leaving certificate)* 
obtained after seven years' scientific secondary education at a CES (college 
d enseignement secondare) with special emphasis on mathematics, physics 
and chemistry, the lev^l of education in each subject varying according to the 
different sections, mis may be followed by two ^ears'.preparatory studies for 
the competitive entrance examination to an engineering school, correspond- 
ing to the level of knowledge of a two-year course at a university, and divided 
into a fust year of maih6matiques Sup6neures and a second year of math6ma- 
trqxie$ $p6Ciales. 

Second, a technical baccalaur6at, obtained after seven years' secondary 
education of a less scientific, more practical nature at a technical Iyc6e 
(including, in particular, workshop practice). 

Third, a scientific and technical Jbaccalaur6at, 6t the same level as the two 
preceding ones, but specially intended to qualify for admission to the prepara- 
tory courses for certain engineering schools, for example the 6coles nationales 
des ing6nieurs des arts et metiers. 

Finally, it should be noted that there still exists another type of preparation, 
older than the technical baccalaur6at, which is rOugJjIy equivalent though 
still more specialized, and leads to the brevet de technic/en (BT). 

A degree is shortly to be introduced which will confer equivalence on 
technical and scientific t)accalaur6ats for access to post secondary educa- 
tion. 

Schools which educate graduate engineers generally require the two- 
year preparatory course after the baccalaur6at {math6matiques sup6neures 
and math6matiques sp6ciales) plus a three ye^r course at the engineering 
school itself, comprising or supplemented by practical training periods. In any 
case, an engineer usually graduates on completion pf five years' study after 
the beccalaur6at. 

To go into greater detail, admission to one of the 147 schools which" 
educate graduate engineers is as follows: 

For students from university faculties, without an open competitive entrance 
examination for holders of the diplome umversttaire d Etudes scientifiques 
(DUES) at the first /second-year level, or the first-year certificate 
(forty-nine schools), on presentation of the DUES (fifty three schools), 
*by special competitive examination reserved for holders of the DUES 
(twenty-three schools), for those holding a licence (first university degree) 
in science or two master s certificates (seventeen schools), for those with a 
master's degree (seventy-five school$>.\ 
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For those who come from the classes pr6paratoires (equivalent to first two 
years of university) with an open competitive entrance examination. 
at the level of math4matiques supfrieures, i.e. one 'year after the scientific 
baccalaur6at (fifteen schools only), on completion of the math4matiques 
sp6ciales curriculum, i.e. two years after the scientific baccalaurfal, 
math6matiques sp6ctales A (fifty-eight schools) , math4matiques sp4ciales 
A' (seventeen schools), math£matiques sp4ciales 8 (forty-eight schools), 
math^matiques sp^Ciales C (sixteen schools), with a special competitive 
examination reserved to students coming from technical schools (thirty 
schools). ^ % 



For students from technical schools, without an open con\petkive entrance 
examination, for those holding the brevet de technicien sup4rieur (BTS) 
(nineteen schools) , for those in classes pr6paratoires (preparatory classes) 
for the 6coles nattdinales des arts et matters (candidates for these particular 
schools), for holder^ of a diplome d' Etudes sup4rteures techniques (DEST) 
under the higher social advancement programme (the DEST is awarded in . 
particular by the Conservatoire National des Arts et Metiers (CNAM)). 1 * , 

The 143 French schools usually provide a five-year course for graduate 
engineers, including the one- or two-year preparatory course. They also 
include a number of specialized schools whrch offer shorter courses (two 
years instead of three) to graduate engineers. , * 

The education of senior technicians comprises either, after the technical 
baccalaurtat. two years at an institut umversitaire de technologie (IUT) 
which awards the diplome umversitaire de technologie (DUT), or, after the 
technical baccalaur6at t two years at a State or private school (sections forming 
part of technical Iyc6es) the certificate awarded in this case is the brevet de 
technicien sup6neur (BTS), or the promotion sup&rieure du travail (higher 
social advancement) programme, leading to the diplome d Etudes sqp^neures 
techniques (DEST). 2 

Senior technicians holding the DUT are educated in the following nine 
special fields, applied biology (agronomy, food industries, dietetics, biological 
and biochemical analyses, environmental hygiene), chemistry, chemical 
engineering, civil engineering (building and public works), electrical engineer- 
ing (electrotechnology, electronics, automatic control), mechanical engineer 
ing (construction and production), heat engineering (heat machines, heat 
generators, refrigerating machines, air conditioning), physical measurements 
(physico-chemical and physical techniques and measurements), hygiene 
and safety (accident prevention and public safety, hygiene and safety in 
industry). 

Senior technicians holding the BTS have a choice of some forty special 
subjects, divided into the following six mam groups, civil engineering, 

1 Tho DfcST should not bo contusod with tho CNAM onginoonng diploma which is awarded to « very »mall 
proportion of the tons of thousands of studonts following tho cuuises at the CNAM in Pans or its many 
affiliated contros in tho piovincos after yoeis ol attondanco and laboiatorv woik, numoious examinations, 

a general examination and tho defence of a tho$i$ v ' 

2 Tho DfcST awardod undoi tho promotion sup&ueuie du ttavtti piogiammo is toughly equivalent to the 
DuT and the 8Tb For example at tho Oonsmvatotro National des Aits ot Metiers the DEST is awarded 
after the candidate has obtained twelvo annual certificates in couisos oi laUoiatory woik of his own choACo 
A feature of this typo of education is that theio aio no ngtd Ontiance loquuoments. tho Imal judgomont botng 
bas*d on proof of tho skills acquired 
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metallurgy, mechanical engineering, electrical engineering, textile industries, 
chemical and physuco-chemical industries, various vocational activities, 
applied arts. 

As already noted, technicians are trained either by taking the brevet de 
technic/en (BT) or in technical Iyc4es (the technical baccalaurtat) or in 
/yc4es of the same level (thfe- scientific and technical bacca/aur£at). 

The Law of 16 July 1971 on vocational education stipulates that firms 
must devote 0.8 per cent of the payroll (2 per cent as from 1976) to staff 
education A wage-earner may apply fors^udy leave under certain conditions, 
for example in a State-approved school and for a maximum of 100 hours a 
year, which do not count as part of annual paid leave. 

This law also provides for an educational fund to enable an employee, 
as part of his paid continuing education and provided that he has completed fc> 
at least three years' practical experience and been with the firm for at least 
two years, to be paid durftg his studies. Article 10 of the same law also 
makes provision, with possible financial assistance from the State, for. (a) 
refresher courses (updating of knowledge)^ (b) conversion and adaptation 
courses (reconversion), (c) educational courses for professional advance- 
mentand preliminary education coutees for young people (further education). 

The engineering degree obtained by engineers graduating from schools 
which award a degree recognized by the proposal of the Commission des 
Titres d'lngSnieur is protected by the Law of 10 July 1934, but the title of 
ing6nieur as such is not protected. Iq the case of the self-educated it fre- 
quently corresponds to a post held within the firm. 

The qualifications of other professional technologists are not protected 
by law, but it has become the established practice to adopt the same attitude 
for these categories as for graduate engineers, namely, (a) anyone is entitled 
to call himself a technicien sup4rieur or technicien, (b) no one, however, may 
call himself a technicien sup4rieur brevet£ or a diploma umversitaire de 
technologie or a technicien brevets without holding the corresponding 
diploma (BTS, DUT and BT respectively). 

Higher or secondary technical schools are subdivided into State schools, 
private schools recognized by the State (generally subsidized) and private 
schools. 

Diplomas are always awarded or recognized by the State in the case of the 
first two. and sometimes recognized by the State in the case of the third. 

The first two categories generally come under the Ministry of Education, 
but a few are under the ministries of industrial and scientific development, 
defence or agriculture. 

Private schools are entirely independent, private schools recognized by the 
State, and State schools, are partly independent. , <- 4 

In the case of State schools or private schools recognized by the State, the 
State lays down curricula, supervises their implementation and exercises 
general supervision through the appropriate ministry. ' 

Continuing education is organized independently of the State. There is 
supervision by the State only when its approval is necessary (in the case of 
leave for continuing education) or where continuing education is State- 
aided, i 
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As regards the education of graduate engineers, the requirements of 
industry are communicated to the heads of schools, who transmit them to the , 
Conseils de Perfectionnement (councils for academic improvement). Where 
these requirements are extensive, they may be addressed directly to Jhe 
appropriate ministry. 

As regards the lUTs more particularly, panels take part in. the choice of 
curricula, the siting of the establishments, etc. 

The^e panels, comprising employers* representatives and representatives 
of manual and office workers' unions, but tfCith a majority of civil servants 
from the Ministry of Education, meet at three different levels, at the national 
level, for each special branch, at the level of the region in which the school 
concerned is situated, at the level of the school itself (its governing board). 

Industry is represented on the boards of examiners for th$ brevet de 
techn/c/en (BT), the technical baccalauriat, the brevet de technicien sup6- 
neur (BTS) and the diplome universitaire de technologie (DUT). 

A rule — which is not always adhered to in practice— Is that one-third of the 
teachers of lUTs should be appointed from among practising engineers and 
professional staff. 

Some categories of BTS and DUT involve compulsory practical training 
periods. With the exception of the very large firms, French industry is some- 
what reluctant to take trainees. International exchanges of trainees take place 
through the International Association for Exchange of Students in Technical 
Experience (IASTE). 

The Law of 16 July 1971 on vocational education, and particularly its 
proyisions fotan educational fund permitting the best possible combination 
of full-time with part-time study, provides the opportunity, (a) for holders of 
the certificat p aptitude professtonnelle (CAP) or the brevet 6l6m$ntaire 
professionnel "(BEP) — i.e. technicians at a fairly low level, below the execu- 
tion category as defined in the present study— to obtain the brevet de tech- 
nicien (BT) or the technical baccalaurtat, (b) for holders of the BT or the 
technical ba^calaur6at, to pass the brevet de technicien suptneur (BTS) or 
the diplome- universitaire de technologie (DUT), (c) for holders of th^BTS or 
DUT either first to pass th£ DUES, qualifying for entry to the second univer- 
sity cycle, and then to take a master's degree, or even— with the new legisla 
tion— to obtain an engineering degree. (It should be noted that the possibility 
has long existed for the self-educated to acquire the. legal qualification of 
mg6nieur dtplomi par I'EfaU (DPE) by going before a board of exami- 
ners), v 

France has signed aAeements with French-speaking African States> 
Latin American States appertain other States for practical training periods 
held on behalf of the Ministry of Industrial and Scientific Development and 
the Ministry of Economics and Finance by the Agence pour la Cooperation 
Technique, Industrielle et Economique (ACTIM), which forms part of the 
latter ministry. This agency also runs practical'training periods organized by 
UNI DO for professional staff having held positions of responsibility. 

Only members of the Ordre des Architectes (the professional association 
pf architects) are entitled to call themselves architects in France, but there is 
no professional association of engineers. 
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Educational programmes for architects are currently being reorganized to 
provide education of the kind given in engineering schools. 

Consulting engineers, with the full' agreement of the ministries concerned, 
refuse to entrust the supervision *o#work to architects alone An agreement on 
the practice of their profession was signed in 1957 between s the Ordre des 
Architectes and the Qhambre-ctes lng6nieurs-Conseils.de France, 

As regards sen% fechmciafis apd technicians* the following types of 
education are provided by the Ministry of Education, (a) the BTS in building 
or public works, and the DUT in civil engineering, (b) the"BT and the tech- 
nical baccalaureat m the various trades*'/ 

The work performedJbyseniQftechnicians*(BTSorDUT) corresponds to the 
posts of work supervisors, professional staff and micidle-level survey staff (the 
PERT Vrrethod, etc ) or costing staff. Some are supervisors and Contractors. 

Several types of agricultural BTS exist in France/ tar which education 
comes under ttre Ministry of Agriculture, but the^MMttern (a two-year course) 
is the same as that of the BTS a warded^tttT^mistry of Education. The same 
applies to the agricultural BT.,^*"*^ 

On the other hand, tfle^DUT in applied biology, which includes dairy, 
farming as an optional subject, is awaVded by s6me lUTs Coming directly 
under the Ministry of Education. 

France also has a BTS for geology, awarded by the Ministry of Education. 
Many of its holders have b$en employed in oil prospection in Algeria, • 
Opportunities for* management studies are available to French engineers 
through the post graduate courses of the Institut, d'Administration des 
Entrepnses (IAE), the Paris Chamber of Commerce, etc. 

Socioeconomic surveys conducted by the F<kteration des Associations et , 
des SociSt§s Francises d'lngSmeurs Dipldm6s (FASFID) in 1967 and 1971 
show that, aftfcrthe age of 40. roughly one-half of graduate engineers perform 
functions which go beyoqd a purely-technical Context, such as those of 
company directors '(generally the pinnacle of tteir career), careers jn 
comrrferce^banking, insurance, etc. . • 

The rather complex situation in France calls for the following comments. • 

1 The complexity of this situation provides an example, of ihe results 6i 
reforms introduced at different times, wfiile certain traditions are allowed 

* to survive * » 

\ ^ 

2 It ms interesting to note the concern with higher social advancement 
studies, an example ^f which is the DEST. Noteworthy, too, is the recent 
experiment in continuing education, unprecedented in Europe (tfc£ Law 
qf 1 6 July 1 971 on vocational e&jcationj. m ! 

3 The commen'ts^with regard to graduate engineers calj for ?ome carefully 
Cbnsidered distinctions 

The entrance requirement is^as it should be, tire completion of an 
. advanced secondary-school c6urse. * 

The Airation of training, including university- level preparatory 
ctesses (i e m*th6matiques sup&ieures apd mathtmatiques spdcta/es) is 
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gferiCTally that [aid down in the criteria adopted for the conception career 
(four years). 

^ However education in certain schools lays great emphasis on theory, 
their graduates are amply qualified as theory goes, but pot enough in 
practite They are scientists rather than engineer^ so that many of them 
continue their education in a specialized school. These professional 
technologists undoubtedly rank in the highest class of Jhe conception 
category. t 

Among the other schools, a distinction should be drawn between those 
of a university nature and those whose bias is towards practical and 
.specialized fields. 

Although the Law of 10 July 1934 prohibit any legal discrimination 
between graduates from the 143 schools, it may be assumed that Some of 
these graduate 'engineers belong in fact to the conception category, 
whereas others fit into the liaison category, it would take a study of indi- 
vidoal cases to settle the substance of this question, since the answer may 
T'vary not only from one school to another but also at different times for the 
/ same school. 

4 Among liaison engineers a distinction can probably bfe drawn betv^en/ 
. (a) The holder of the DUT. who 1 , .on completion of full secondary technical 

education, tak^s a two- year higher technical course. He appears to fit 
into tfo^Jiaison category,' though not exactly complying with the. 
quafification criteria. 

v M 

(b) The holder of the BTS, who is roughly in the same situation. 

(c) The holder of .the DEST. 

As has already been sard, higher social advancement studies, cannot by 
defimtion t be subject to rigid rules asVegards either entrance requirements 
or their duratipn, Judgement can therefore be passed only on the results 
of the skills finally acquired, so that the inclusion of the holder of the DEST 
in the liaison category is by assimilation. 

5 .The technical baccala0r£at coVars thirteen years* primary and secondary 
education, of a technical nature during the secondary-school course. 
It may be CQrtcluded that it JeWs to a career in execution, though not 
exactly complying with the criteria for this,£ategory. , ■ 

The same applies to the5CifimiffcTfi!r*technjcal bacc$laur6at and the BT 

(brevet de technicien). * 

» # ■*« * 

Federal Republh^ of Germany * m 

*Aft6r four y.ears' 'primary education 4f the V.olksschufe, the German pupH has 
a choice between two types of Secondary education, (a) a more traftiitiortal 
type Gymnastum. leading, on comptaifon of rime yearasecondary education, 
to the Atiitur (giving access to university^ education), (b) a mpre -modern, 
practical, type Realschule, leading on Completion of six years secondary 
education to the Mittlere Reife (certificate of partial secondary education). 



tl Appendix 



It should be noted, first that the MMere Reife can also be obtained at 
a Gymnasium on completion of Six instead of nine years' secondary edu- 
cation. 

Secondly, it should be noted that a new type of vocational secondary 
education has recently been introduced. This is the Fachoberschule (higher, 
-vocational school) leading, on cornplehbn of two years additional education 
after the Mittlere Reife, to the Factfoberschulreife (a kind of technical Abitur, 
obtained on completion of twelve instead of thirteen years primary and 
secondary education). 

Diplommgemeure are educated ^t Techn/sche Hochschuleh (technical 
universities), to which they are admitted with the Abitur, after having com- 
pleted six months* basic practical training (Grundpraktikum). Here they spend 
five to six year£,mcluding a further six-month period of professional practical 
trai ning (Fachprakttkum) ancj a terminal project leading to the q ualificat ion of 
Diphmingenieur. 

Ingenieure grad (graduiert) used to be educated at Ingenieurschulen 
(engineering schools), to which they were admitted' with the Mittler? Reife 
i.e. after only ten years* primary 'and secondary education followed by two t 
years* practical training. Here they completed a three- year technical course 
leadir\g to the qualification Ingenieur grad. (graduiert). 

Ingenieurschulen were recently replaced by Fachhochschuien providing 
education for a higher qualification. The entrance requirement is the Fach- 
oberschulreife (i.e. completion of twelve years' primary and secondary 
education) arid the durartion of the course is three or four years, including one 
year's practical training, depending on the individual Land. 

A trend seems to be emerging at present to grQup together, where possible, 
the Techntsche Hochschulen and the Fachhochschuien into comprehensive 
technical universities (Gesamtho&hschu ien), which would provide courses on 
the following broad lines: ' ; 

1. The same entrance requirements (twelve years* primary and secondary 
education), whatever the typfe of course taken towards the end of secor>- 

, dary education. 

2. A common core of basic subjects, lasting a maximum of two years, 

3. Diversification of courses depending on the career envisaged. 

4. A practical training period of at least three months at the beginning of the 
technical course. * 

i 

5 A second practical training period in a professional subject, lasting from 
three to tvvelve months, taken during the university course and depending 
on the career envisaged. 

It is not yet clear whether the various types of courses wiH qualify for a 
single or separate diplomas. 

The qualification of engineer is at present somewhat ill -defined, on account 
of the very fluid situation existing with respect to the structure of schools. 

Each of tHtT f feleven Lander brought out a law protecting the u,se of the 
qualification of engineer, which was reserved for graduates from the Zech- 
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nishe Hochschulen, the former Ingenteurschulen and the new Fachhoch- 
schulen, as well as a number of self -educated persons who had called them- 
selves engineers before the law came into force. 

For the past two years the right to call oneself an engineer, for those who 
have newly entered the profession, has been reserved solely, for graduates 
frorp Technische Hochschulen and Fachhocft$bhulen. 

The universities, the technical universities (Technische Hochschulen) a/?d 
Fachhochschulen come within the educational and cultural defomtiofl of the , 
Land in which they are situated, and are subject to its legislation. They are, 
however, autonomous as regards their organization, their curricula, the 
appointment of their rector (changed at regular mteryais) and chanceljpr, 
and the setting up of administrative and scientific committees, 

A federal commission for the education and training of engineers receives 
the requirements stated fcxy industry and passes them on to the minrstnes bf 
education and cultural affair^ of the Lander and their federal conference. 

In some Lander, for example North- Rhine- Westphalia, there are statutory 
corporations of architects, with which architects must register in order to be 
able, to practise their profession. 

The following comments may be made on this somewhat complex 
situation. » 

1. Fachoberschulen correspond roughly, to the type of education laid down 
for the "execution" category, but it seems that the level is below that of the 
European Economic Community definition (two years' technical education 
instead of three). < • 

2 The qualification of Dtplomtngenteur corresponds to the choice of a 
^ 9 career in the 'conception' category. Of particular note is the relatively 

lengthy durahon of the education and the emphasis placed* on periods of 
practical professional training. ' 

3 The former Ingenteurschulen corresponded to the choice of a career in the 
'liaison' category. • 

4. The same seems to apply in the case of the Fachhochschulen. but it will be 
ncfted that these afre tending to raise the entrance level and to diversify the 
duration of the course (three or four years). Diversification has inevitably 
• * given rise to discussions which have not yet resulted in full clarification. 

5 The new legislation being prepared with regard to GesamthochschUlen , 
(not yet approved) likely to cause some perplexity. As regards particular^ 
the Technische Hochschulen. it will be noted that the entrance level has 
been lowered, without however involving any change in the itype of 
education, i.e. 'conception' engineering, at least td the extent that engineer- 
ing education remains at university level, which seems in fact to be the case. . 

As regards more particularly Fachhochschulen. it will be noted that, on the 
contrary, entrance requirements are at a relatively, high level (the same for 
the Technische Hochschulen) o . 

Noteworthy features of the two types of education are, (a) a common basic 
^ core/ though its duration is v not clearly defined (maximum duration of two 
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years), (b) diversified courses depending on the choice of career, though 
neither their duration nor their type is Known exactly. 

IJnder present conditions it is difficult to know whether students from 
these establishments who have received a more practical education will 
continue to go rti for a 'liaison' career or will tend rather towards conception'. 
Some people hold the view that, shouW they be considered as educated for 
'conception', the result would be a gap in the number of those educated for 
'liaison'; and that in the end 'liaison' would be performed either by under- 
employed 'conception' personnel or by overworked execution' personnel, 
ill-prepared In both cases for their tasks. 
*%* ^ ' l would be premature as yet to express a final opinion on the question, and 
* the above comments are g^en solely fpr information purples, while showing 
at the same time the difficulty of solving this kind "of problem in a constantly 
changing situation. * 
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After six" years at the dimotikon schofeton (primary school), the 6reek pupil 
has a choice of three streams of secondary or tethmcal education, either 
traditional secondary education (at a gumfiasion), which leads^ after a six- 
year course to the apolytinon (secondary-school. leaving certificat^giving 
access to university educathgn), (It is the opinion of thi Technical Chamber of 
Greece itself that the level of this certificate is lower than that of the French 
baccd/aur6at, ) \he German Abitur or the Italian maturity), or elementary 
technical education (katoterai technikai scholaf). which leads after a three- 
year course to the technitis (elementary technical certificate^ or again, a 
vocational training school (schofeton mathftias) which leads after a four-year 
course to the same elementary technical certificate. 

Engineers are educated in technical faculties (pofytechneion) to which they* 
are admitted'wi'th the apofyttuon, supplemented by an additional course in 
mathematics, physics and chemistry (given in special schools) and oh passing 
an entrance examination. They spend fi&e years at the pofytechneion before 
obtaining their engineering qualification. 

Technicians are educated in middle-level technical schools (meseai 
technikai schqlai), to which they are admitted, either after three years' 
secondary educatton at a gumnasion {\ e. after nine years primary and secon- 
dary education), or after three years' .elementary technical education 
(katoterai technikai schofai) (i.e. after nine years* primary and technical 
education leading to the elementary technical certificate (technitis)), or after 
four years' vocational training in a scholeion-mathitias (i.e. after ten years' 
primary and vocational education and training, also leading to the technitis). 
m They spjsnd three years at this middle-level technical schdol 4 from which 
they graduate with the ^qualification of technitikos voithos (technical 
assistant) 1 

Senior technicians are. educated in scholai ypomichanikai (schools for 
assistant engineefs), to which they are admitted, either after a four-year 
secondary course at a gumnasion (i e after ten years primary and secondary 
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education), or with the qualification of technical assistant (techmt/kos 
voithos). 

Here they take a four-year course, graduating with the qualification of 
ypomichamkos (assistant engineer). This qualification in turn gives uncondi- 
tional access tcr£ po/ytechneton (technical faculty), which provides a five- 
year educational course for engineers. 

The qualification of engineer is protected by law and reserved solely for 
graduates of the technical universities, technical faculties (polytechneiQn) 
and universities or.the equivalent foreign universities or engineering schools. 

An engineer must register with the Technical Chamber of Greece (founded 
in 1 923) in order to be entitled to practise the profession. 
m To qualify as aaengmeer, a candidate must, (a) pass all the examinations 
4$ of a Greek technical university or faculty, or (b) show proof of education 
received abroad, and pass a general professional examination. 

All technical universities or faculties come under the Ministry of Culture a~ncT 
Education, They arQ independently administered, but are supervised by the 
State. Curricula are established by the State in collaboration with each 
school, and their implementation is supervised by the State. 

Fees are negligible (education is provided almost free of charge) and all 
schools are State-subsidised. 

In Greece, only graduates from technical universities or faculties are 
recognized as architects, in the same way as engineers graduating from the 
other faculties of these same schools. * 

Where important structural calculations have to be made, the architect 
must work in conjunction with a graduate civil engineer, who is legally 
responsible for the safety of the new construction. The engineer r&eives 
60 per cent of the fee for the calculations, leaving 40 per cent to the architect. 

Thelnformation above calls for the following comments. 

9 

^ * 1 . The engineer meets the criteria for the conception category (C). 

2 The assisant engineer (ypomichamkos) belongs to the liaison category (L), 

3 The technical assistant (technitikos voithos) is roughly in the execution 
category (E)', though his qualifications fall a little short, i.e., twelve years' 
education (instead of thirteen), followed by a three-year technical course. 

4 The technitis, included only in order that the list may be complete, belongs 
to a lower-level cate ; which falls outside the framework of the present 
study. - 

Ireland 

Seconcrary education, completed around the age of 18, leads to the leaving 
certificate examination or matriculation. 

The latter, with in addition a special entrance examination in mathematics 
for those who have not demonstrated adequate capacity in that subject, gives 
admission to one of tne four Irish universities, which offer a four-yqar course 
q for the bachelor's degree in engineering. 
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Although the system differs slightly according to the university, it is 
broadly similar to that of the United Kingdom 

During the first year at most of the universities students take courses which 
are more or less common to all groups, whatever their choice of special subject. 
In the second year they begin to specialize in one of the following fields, 
civil engineering, mechanical engineering, electrical engineering, chemical 
engineering, agriculture. 

The total number of engineering students in 1 971 /72 in each of the four 
universities "was as follows. University College, Dublin, 622, University 
College, Cork, 359, University College, Galway, 175, Tnnrty College, Dublin, 
193. This gives a total of 1,349 students. 

In addition to universities which award a bachelor's degree, technical 
colleges provide vocational education for other categories. They also recruit 
students at the age of 18, but on the basts of a preliminary examination as 
specified by professional institutions. Students take a course which lasts at 
least four years, some of them full-time, some part-time. 

The vast majority of Irish engineers graduate from a university, although a 
few obtain their engineering qualification by passing the examination of the 
Institution of Engineers of Ireland (IEI). 

The qualification of chartered engineer, protected 15y law, is awarded b,y the 
IEI to those who fulfil the following conditions, (a) a pass in an IEI examina- 
tion, (b) mmimumage'25, (c) corporate membership of the IEI, (d) inscription 
on the roll of the IEI for those who have obtained the title of chartered engineer 
from another recognized body, which is itself affiliated to the IEI. 

Universities have academic freedom, but are State-aided and maintain 
contact with the Department of Education. Technical colleges are generally 
more dependent on local authorities, though they keep their academic 
freedom. 

The governmental Higher Education Authority examines matters ofjiolicy 
as regards engineering education, without interfering with academic freedorp. 
A National Council of Education Awards rationalizes the award of qualifica- 
tions. 

The information received makes it difficult to comment on the situation in 
Ireland, which is, however, fairly similar to that existing in the United 
Kingdom. 



Italy 1 

Italian education comprises, for all pupils, five years at a scuo/a e/ementare 
(between the ages of 6 and 11) followed by three years at a scuo/a media. 

From this point onwards technical education may be obtained at an istituto 
tecnico offering a five-year course. 

After the eight years spent successively at the scuo/a e/ementare and the 
scuo/a media, the secondary-school pupil has the choice of at least two 
streams, either two years at a gmnasio, followed by three years at a //ceo 

1 Thn information is communicated without any quaiantoo that it u up to d»to> smoo tho roplios to tho quos 
tionnairo wcro incomplete 
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classico, leading to the traditional secondary-school leaving certificate 
(maturity classica), o/five years at a hceo scientifico, leading to the scientific 
secondary-school 'leavrhg certificate (matunta* scientifica). 

At present, theSet^o types r^secondary education— and possibly others 
on which. we have no iniorrr^tion — grve access to the universities and in 
particular to their technical^rculties. ' / 

A five- yeter course m a^ngmBenng faculty lead%to the laurea (engineering 
dipfpma) with the qualification of dottore m mgegnena (Dott.lng.)* 

This diploma does not c^ive its holder any entitlement to call himself an 
ej&gineer. Jfre title 'ol mgegnere is conferred by the Constgiio Nazionale degh 
InCjegneri/jDf the Ministry of 'Justice, to Italian citizens who hold the laurea 
fr.e. the qualification of dottore in ingegneria). In Italy only mgegnen are 
# en\r\ted to practise* thfc engineering profession, individual temporary arrange- 
ments may, however, be made for foreign engineers desiring to practise in Italy. 

Each province "has an G.JTia degli Ingegnere, or professional association 
of engineers, there is no, national professional order of engineers io Italy. 

Higher techmCal'SchoolS are directly responstble to the State, and come 
unfi$r th£ Ministry of Education. . '* 

S6me schools are the^spetial responsibility of regioos; provinces or 
communes. 

Universities have academic independence, but financially they are almost 
entirely dependent on the public authorities. t . " 

University curricula are not laid down by the ministry, but theoretically it 
supervises their application^-^ any case, the public .authorities exercise 
gerieraf supervision over tha-Cperation of the universities. 

The relationship between industry and higher technical education is very 
limited. Industry hardfy participates at all in the education of the engineer t 
before he obtainS'his laurea (diploma). 

Present legislation enables all qualified engineers to engage in the same 
activities as architects, except for the restoration of historical monuments, a 
field which is reserved solely for architects (architetti). 

The existing situation in Italy may be commented on as follows. 

1. The qualification of dottore in ingegneria meets the criteria for the 
conception category. 

2. It is worth .noting thatin Italy there is a special provision which stipulates 
that, the practice of, the engineering profession is open onlyfto those of 
Italian nati&nality. ^ J \ \ 

3. The situation is not very clear as regards liaison 3nd e/ecufron staff. 

A graduate from an istituto tecnico has successfully compteTro five years / 
at a scuola elemental, three years at a scuola media, and five? years at an 
istituto. He would therefore seem to be qualified for the career of*etxectition 
technician. 

Under these circumstances, the Italian system, subject io the reservation 
expressed at the beginning of this monograph, seems io be of a dual type, 
which is very rare in Europe (in this connexion, see the monograph on 
Czechoslovakia). 
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Luxembourg J* ^ 

In Luxembourg there is no university education for engineers, they are 
educated abroad. 

The technician engineer educated in the Grand Duchy proceeds, after six 
years' primary and six yeafs' secondary education, to a course of at least two 
— — years in a higher technical school, supplemented by appropriate practical 
' training periods. « 

Luxembourg technicians, after obtaining the lower vocational education 
certificate (certificat d'aptitude professionnelle), follow either evening 
classes, i.e. part time education, lasting several years, or a two-year full- 
time course. 

Technician engineers and technicians are educated in separate departments 
of institutes of technical education. 

The departments for technician engineers devote 1 8 per cent of their time- 
table to general education, 72 per cent to scientific subjects (mathematics, 
physics, mechanics, electricity, graphic statics) and only 10 per cent to 
\ K ' practic^J training. 
f Yhere are plans to raise, without changing its nature, the general level of 

education for the technician engineer. 

The departments for technicians also devote 1 8 per cent of their time-table 
, to general education, but 60 ppr cent to practical training and only 22 per cent 
to scientific subjects (algebra, analytical and descriptive geometry, trigono- 
metry, differential and integral calculus, physics, chemistry, mAchamcs). 

Qualifications are regulated by the Law of 17 June 1963. There 4$ a law 
providing for access to the profession of independent engineer (consulting 
engineer). 

Technical schools come under the authority of the Luxembourg Ministry of 
Education, on which they are entirely dependent as regards' curricula and 
budgetary resources. * 

The teachers themselves are alone responsible for seeing that the curricula 
are applied. 

Curricula and the distribution of subjects are approved by the Ministry of 
Education. 

Industrial firms give their professional staff an opportunity to. attend 
serhinars Jield at regular intervals by the Luxembourg Office pour I'Accroisse- 
ment de la Productivity and, in economic subjects, by the University Inter- ' 
nationdle des Sciences Comp^rGes. They a\sS giveSkgmeers in their employ 
the opportunity to improve their skills abroad in^lnstitutions such as the 
Belgian Fondation industrie University, the French C£gos, etc. Some 
^uxtembdurg firms also defray educational expenses for their future foremen 
- of technicians at special schools abroad, such as the £cole de Maitrise et 
. d'Ouvriers Metallurgies (EMOMf et Longwv (France), ete.-lndusCnal firms 
of a certain size hold regular training courses within the firm for their profes- » 
sional staff, to which *they invite instructors in special subjects from neigh- 
bouring countries. 

Technicians roray, after passing an entrance examination, attend schools 
O which educat/lechnician engineers. / 
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* Netherlands 

4 \ • 

In the Netherlands the secondary -school course, lasting stx years, is normally 
completed around the age of 18. For those who have chosen to go in for a 
technical career, it consists primarily of mathematics, chemistry, physics and 
foreign languages. 

Engineers ( lr.') take a five-year course at a university on completion of the 
* * full secondary-school course. ' 

Senior technicians Ctng/> Ta ^ e a four- year course at an HTS (hog§re 
techntsche school) on completion of a shorter secondary-school course 
ending at the age of 17 (instead of 18). « 

Technicians take a four- year course at a UTS (uitgebreide technische 
school) on completion of an even shorter secondary -school course ending 
at the age of 1 5. 

' ^ At an HTS, 50 per cent of the student's time is devoted to general and 
^ scientific education (mathematics, physics, chemistry, mechanics) and 
^ 50 per cent to practical training. A similar time-table is in force aUhe UTSs. 

Practical Uaining in industry during thuTcoGrse lasts from sixteen to 
twenty-four weeks at technical universities, and from sixteen to thirty -nine 
weeks at HTSs. 

International firms such as Philips, Unilever, etc., hold refresher courses for 
their staff. 

The engineering profession is not subject to regulations in the Netherlands. 
. At present, the only qualification protected ijs the degree of graduate engineer 
of a technical university (technische K hpgeschool)T those holding it /hay 
precede their names with the abbrevi'at^ajlr.'. . 4 " J 

In the near future, graduates from HTSs will have the right to^ffd the 
abbreviation 'Ing.' aft^r their names. ^ , ^ 

In the Netherlands higher technical education is divided into two types, 
(a) xp/e jopenbaar o/^/erw//s, comprising technical universities and HTSs, 
^wtiich are State or municipal foundations, administered and almost entirely 
financed by the State or municipal authorities, and lb) the bijzonder ooder- 
vv/ys, comprising technical universities and' HTSs, which are founded, 
administered and managed by denominational or other private organizations. 
They are to a large extent financed from public funds. 

The Ministry of Education and Science # is responsible ftfr both types of 
higher technical education. \ 

Thtf policy of a technical university is defined by its' Academic Council, 
consistipg at the most of forty members, and is implemented by its exetutive 
board, consisting at the most of five members. Each college of a technical uni- 
versities its own executive board responsible for admin<£t*afion and teaching. 

From the administrative point of view, HTSs are comparable tcr colleges of 
technical universities. , % 

In technical universities tht application of curricula is inspected by the 
Academic Council, while an inspector appointed by the ministry supervises 
HTSs. Curricula must tie approved by the Ministry of Education ahd Science. 

Liaison between higher technical schools and industry is catered for as 
q follows, (a) frequency teachers have worked previously in industry, (b) the 
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majority of teachers continue to act in an advisory capacity in industry, (c) 

- nearly ha!f the teachers hold extra appointments, and continue to work at the 
jsame time in industry. 

!n TTTSs. there are 72.000 full-time students, whereas 51 ,600 students take 
part-time courses. 

Graduates from HTSs are admitted to technical universities. 

A new law being prepared provides for the selection of students at technical 
universities and HTSs by means of pre-university examinations to be held at 

— thrend of a one- oHwo-year course of common subjects. 

A treaty has been signed between the Netherlands and Belgium for the 
mutual recognition of examinations of technical faculties of Belgian univer- 
sities and Netherlands technical universities. 

A law is being prepared on the qualifications of architects. A register 
of architects exists, which is generally recognized, though enrolment is not 
compulsory. Architects graduating from a university are exempt from the 
entrance examination for enrolment on this register. 



Norway 

• « 

In Norway, secondary education for pupils intending to follow a technical 

career consists primarily of mathematics^physics, chemistry and languages 

(Norwegian, English, German, French), the full course ends with a final 

examination" (exameri artium pi reallinjen). 

After this examination, engineers take a,four-and-a-half-year educational 

* course at the Norwegian Institute of Technology, as follows, the first two 

years ar6 devoted to mathematics, physics, chemistry and mechanics, the 

next two years ate devoted to general technical subjects and subsidiary 

economic subjects, the last senrtester is devoted fo a special, subject andter- 

^ minal work orfa thesis. 

* • « * 

The education for Norwegiar»seni'or technicians consists of. either a two- 
year higher technical course, on completion of full secondary education, or 
a three year higher technical course, after nine years', compulsory primary 'and. 
secondary education. 

. In both cases, higher technical education is t prQce£led by one years 
practical trafning in industry.* 

. The Norwegian Institute of Technology educates engineers in the following 
y 4> eight special subjects, architecture, mining ^and metallurgy, petroleum 

technology, civil engineering, electrical engineering, chemistry and chemical 

engineering, mechanical engineering, industrial physics. 

Norwegian professional engineering associations organize many refresher 

courses Graduates from the Norwegian Institute df Technology have trie . 

opportunity of reconversion by studying for a technical degree *(Ptt.D.) in 

another branch. f f> 

Since 1949 the qualification of sivilmgenior has been protected by law, 

and reserved for graduates from $k Norwegian Institute of Technology and . 

Norwegians who have graduated from foreign schools otk universities 
^ recognized by the public authorities. ' , \ * 
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As regards senior technicians, the tekmskskoler (technical secondary 
schools) have become mgemerskoler (engineering colleges) and thequaiifica- 
tion they confer has become that oimgemer, though it is not protected by law. 

The Norwegian Institute of Technology, which educates engineers at 
university level, is the former Norwegian Technical University at Trondheim. 
It now belongs to the University of Trondheim, and will probably in future 
, become its technical faculty. 

The institute comes directly under the authority of the State Department 
of Education, as do also theThirteen engineering colleges. 

General curricula are drawn up by the public authorities and the details 
are worked out by the schodls themselves. Curricula are not applied until 
they have been approved by the government, which carries out inspections 
from time to,time by means of appointed committees. 

Moreover, the public authorities exercise a general control over the 
education system through the budgetary process. ' 

/The Norwegian Institute of Technology keeps in close touch with mcKjstry 
through its Council for Education Improvement, on which industry is rep- 
resented. Industry is also represented on ad hoc committees which are respon- 
sible for the long-term planning of th& education of engineers. fc 

For some types of technical education, practical training periods in 
industry are a compulsory complement of education. In addition, many of the 
problems studied by the students originate in industry. 

Graduates frpm the engineering colleges are admitted to the second year 
at the Norwegian Institute of Technology provided they have taken a course in 
mathematics during the summer preceding their admission. Thirty per cent 
of the students of the institute come within this category. 

Bilateral agreements have been concluded, (a) between the Norwegian 

Institute of Technology and the Swedish Royal Technical University at 

Stockholm, for the admission of Norwegian students to the aeronautics 

department, (b) for petroleum technology, between the Norwegiarj Institute 

of Technology and two foreign universities, one in the Federal Republic of 

Germany and tfie/other in Austria. , 

, During their professional careers many engineers rise to posts which are 

of a more administrative and interdisciplinary character. This is the case with 

many Norwegian heads of industry, who are engineers. 

The information above calls for the following comments: 
& / * 

1 The sivilingemer who has^ graduated fjom the Norwegian Institute of 
Technology. meets the criteria of the conception category. 

2. The senior technician or mgenier graduating from a tekmskskole whiph 
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3 It ^interesting to note the opportunity available to a senior technician or 
mgepier to become a siv/lmgenm without too much difficulty or loss 
of time^. f 
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Portugal 1 ** 

In Portugal general education comprises, first, a lower level of compulsory 
education consisting of four years primary education, followed by either. 
two years' primary education which is a terminal course or a two-year 
preparatory common cbufse at a secondary school, leading to the upper level 
which is optional. 

On completion of the six-year compulsory education, the Portuguese 
pupil has a choice, at the upper optional level, between two types of courses. 
either a five-year course at a traditional secondary school, comprising fhree 
years' general and two yea'rs' additional education, or a five-year course in 
industrial technical education, comprising three years' training in industry and 
a two-year course qualifying for an industrial institute. 

Admission to a university is normally on completion of the additfonal 
secondary-school course, i.e. after eleven years' primary and secondary 
education apd after an entrance examination. Future engineers take a five- 
yfear course at the university, the syllabus for the last two years providing for 
at least one-third of the time to be devoted to work in a laboratory or work- . 
shop. This education is supplemented by a six-month practical training 
period in industry. 

Admission to industrial institutes is through one of the following three 
channels, either completion of the general course at a secondary school, i.e. 
after nine years' primary and secondary education and after an. entrance 
examination, or completion of the course qualifymgffor industrial institutes, i.e. 
after eleven years' primary and technical education and after an entrance 
examination, or completion of the additional course at a secondary school, i.e. 
after eleven years' primary and secondary education, and no entrance 
examination. 

The duration of the course at industrial institutes is four years, at least one- 
thirc^ of the time being devoted to work in a laboratory or workshop. This 
course is followed by a six-month practical training period in industry a report 
on this period and an examination in vocational proficiency. 

Students in "their second year at an industrial institute may be admitted 
to the university on taking an entrance examination. 

.Industrial institutes have three departments, electro mechanical engineer- 
ing, civil engineering and mining, chemical engineering (laboratory and 
industry). V . 

University education leads to the qualification of engenheiro, in order to 
practise the profession, its holders must belong to the Ordem dos Engen- 
heiros, the professional association 'oi engiiflflkrs. 

The course at industrial institutes leads to the qualification of agentetdenico 
de engenhana. .holders of this qualification jt)in the Sincjicato Nacional dos 
Engenheiros Auxiliares, Agentes TScnicos de Engenhana e Condutores. 

The present situation in Portugal calls for the following comments. , 

1. After eleven years' primary and secondary education, the engineer takes 
a five-year course bf study at the university, followed by a six month 
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practical training period in industry. Although the duration of his primary . 
and secondary education is somewhat short, his education corresponds to 
the conception category. 

2. On the basis of the information available, the graduate from an industrial 
institute raises a problem that seems rather difficult to solve. One of the 
educational channels, the shortest, comprises only nine years' primary and 
secondary education, followed by four years at an industriahnstitute and 
a six-month practical training period in industry. This particular channel 
seams to fall short of the criteria for. a qareer in liaison, but to be above 
those for execution. The graduate from an industrial institute would thus 
fall somewhere between the two categories. However, it should be borne 
in mind that the information available is incomplete. 

3^4t 4S interesting to note the many ways of gaining admission. to_mdustiiaJ 

institutes, with oj without an entrance examination. Similarly, it will be 
> noted that there is no difficulty in switching from an industrial institute to a 
university." m 



Spain 

4 

Before the recent educational reform* the pattern of general education in 
Spam was as follows. 

After four years' primary education the pupil had a choice between the 
following two streams of secondary education, (a) four years' lower second- 
ary education and two years' higher general secondary education, leading 
to the bachillerato general, (b) fjve years' lower secondary Education and 
two year^' higher secondary education of a more technical character, leading 
to the bachillerato labor al. 

The holder of the bachillerato general was entitled to admission to £ 
higher engineering school after a one-year pre university course, a one-year * 
selective course and'a one- year initiation course (i.e. after thirteen years* 
pr»mary, secondary and preparatory education) After five years he graduated 
from the higher engineering school with the diploma of engineer. 

The same appliefl to the holder of the bachillerato laboral, who was entitled 
to admission to the same type of higher engineerii ig'school after a one-year pre- 
paratory course, a one year selection course and a one year initiation coufSe 
(i e. after fourteen years' primary, secondary and preparatory education). 

A pupil having completed only the four-year cycle of lower general secon- 
dary education (le. terminating two years before the bachillerato general) 
was entitled to admission to a middle level technical school after a one- 
year preparatory course and a one year selection and technical initiation 
course (i.e. after ten years' primary, secondary and preparatory educatipn). After 
three years;he graduated from the school with £he diploma of yento industrial. 

This diploma in turn gave access, after a one-year qualifying course, to a 
higher engineering school which provided a five year educational course for 

er|c . • ' n? • . • 
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Since the recent educational reform, Spam has no longer a bachillerato 
genera! or a .bach/fferata laboral, but a single secondary-school leaving 
.certificate Possession of thi£ certificate and a pass m the one-year unrversity, 
^orientation jourse constitute the entrance requirement for either a faculty 
or higher engineering school (woviding a five-year educational course for 
senior engineers (a fyst cycle lasting three years devoted to basic sciences, 
• and a second cycle lasting two yeer$ devoted to.specialization), or -a school 
providing a single-cycle three-year course for the education of industrial 
technician engineers v 

All Spanish engineers, except for th®se in gpvernment employment, must 
belong to colleges of esgmeers corrung under the corresponding technical 
ministries (public worics, agriculture industry^;) ' * 

Educational regulations, exemptions and the recognition orf diplomas are 
governedsby the State. All schools, both State and private are subject to the 
> regulations in fofce for State schools • 

Following thejecent educational reform new^curncula were drawn up and 
will be introduced first in schools for industrial technician engineers 'and - 
secondly (1973/?4). in faculties and higher engineering schools, 1 
' ^ Each university establishes it* own knowledge checking methods and the 
structure of its procjrarnme^and jeachmg ancf research systems It supervises 
those university centres in its region which dd not come^under the State. 

The general supervision of Education is effected by th^ Natfonal Council of 
Universities, an advisory 'body, chaired by the Minister, of ^k^ation and . 
Soience. which co-ordinates university activities # 

Practical training, the updating^of knowledge, reconversion when neces- 
sary to another special branch, and further education are entrusted to, higher 
. vocational education centres which.form part of the umverstfies. " 

Each university has a patronato responsible for relations with society as a ' 
whole In the case of 'technical universities, industry and 'professional 
associations are represented on the patronato. which has as one of it$ objec- 
tives .the^defimtion of the role <tf industry 4 n the eduction of engineers. 1 

Completion of the first three-year cy<^e of the educational course for * 
senior engineers, combined with some self-education, qualifies students for 
the diploma of industrial technician engineer. " " - 

Conversely, industrial technician engineers can be admitted dnder certain 
conditions to the second t wu y^ar cycle of <be educational cobrse for senior 
engineers * • 
* The information above call4 for the foflowmg comments 

'1 Engineers (as they osfcd to be called) and senior engineers (as "they are* 
now called) Ipelong to the conception category*. t 

2 The former per/to industrial met the criteria for execution technicians. 

i 

3 Industrial technician engineers (as they are now called) meet the criteria 
for liaison technologists * . 

4 It will be noted that Spam seems to have solved relatively easily the 
question of promotion from the qualification of industrial technician 
engineer to that of senior engineer 
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Sweden 

Since its reorganization in 1962, the pattern of primary and secondary ' 
education is as follows a mne-year course at'a gruni/skola corresponding to 
primary education and lower secondary education, thereafter, higher second- 
ary* education fef various types, provided at a gymnasium, lasting three ■ * 
years and leading to the stud$ntexamen I 

Certain technical streams lead to a tekntsk hogskola, a school at university 
level which awards the degree of civil engineer. 

Secondary education may also be followed by a fourth year of study, and 
practical training periods in industry leading to the diploma of gymnasie- 
ihgenjor. * 
* Lastly, education at a grufidskofa may also lead to a fackskoia, a" special 
school provrdmg a two-year course which must be accompanied by a 
practrtfal training period of at least nine months/ taken eitfiW before or after 
the two-year course, or between the first and second years of the course. 

Each year Parliament determinesthe number of places available in each 
of the ry>pe£ of secondary education, Where the number of candidates exceeds 
the number of places available-rand only in this event— Entrance is by 
competitive examination. * * *' * 

In Sweden, training fo/ civil engineers consists, of^compietion of secondary 
'education, of a four- year course at a umversrty of institute of technology, 
followed by a four month practical training period. and a terminal project. 

The institutes of technology of Stockholm and Gothenburg (Chalmers) and 
the Engineering Facolty of Lund University all have the following six special 
subjects technological physics, mechanical engineering, •electrical engineer- 
ing, civil engineering, architecture, chemicSI engineering 

The Stockholm Institute of Technology has, moreover the following three 
additional special subjects aeronautics mining and metallurgy, geodesy and 
topography ' • » 

Since 1969/70 the Engineering Faculty of the University of Linkoping has 
been training engineers m the following threje special subjects, technological 
physics and ele^rical engineering, mechanical Engineering, industrial pro- 
duction. « 

Since 1971/72 the Lulei Institute of Technology, in the north, ha9 been 
educating mechanical engineers, and smce 1972/73 geotechmcal engineers. 

Lastly*, the Science Faculty of thre University of Uppsala trams engineers 
in technological physics.' 

"Generally, the qualification of engineer is not protected by Swedish law, 
hnd prosecutions involve only those making use of an established qualifica- 
tion to which they have no fight. *• 

The ministry responsible for education is the Ministry of Education with, 
in the case of universities dnd institutes of technology, the Office of thfc 
Chancellor of the Swedish Universities. " \ 

Higher education »s generally under Vhe authority of the State. GendraJ 
curnoula predrawn up by the State and^et^e as a basis for lotal cufntula. 

T/ere is a regulation to the effect that examinations taken previously at 
universities in other Scandinavian countries shaJI be taken into accouot. 
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The atfbve information calls for the following comments 

,** h 

1 . The Swedish civil engineer meets the Qualifying standards for the concep- 
tion Category 

2. The* gymnas/enmgenjor who has completed primary school and lower 
secondary education at a grundskola, -lasting in all nine years, followed tfy 
four years technical education and practical-training at a gymnasium, is 
less Qualified than a liaison technologist but more qualified than an 
execution technician The gymnastenipgeryor raises a difficult problem 
of classification, justifying a more thorough study of the real content of 
his education (of the case of Portugal). * 

3. A fabksko/a diploma does not comply formally with the qualifications of 
an executiorrHefchniCian,, but it may nevertheless be assumed that it is on 
these lines, * • 

4. Jt will be noted that there is a trend towards annual quantitative planning at 
the level of higher secondary education. 

♦ 

5. Lastly, it will be noted that there are multi-national agreements with the 
other Scandinavian countries for the mujual recognition of diplomas. 

. Switzerland . 

The three categories of professional technologists to be considered in 
Switzerland are as follows' 

Graduate engineer^* - ^ m 

After the secondary -school leaving certificate, engineers ace educated intone 
of'the two federal polytechnics (Zurich and Lausannej, which come under 
federal authority, or the universities of Geneva and NeuchStel which come 
under the authority of cantons. 

In the federal polytechnics, the course lasts four years, the first two years 
being devoted to basic scientific and -technical trairting (mathematics, 
mechanics, analysis, the use of coYrfputers, etc ), while the next two years 
consist of more advanced education with a specific vocational bias Students 
also have the possibility "of concentrating qn a very closely defined special field. 

FonSxample, the Zurich polytechnic has the following thirteen sections, 
architecture, civil engineering, meaiamcal engineering, electrical engineering, 
chemical engineering, pharmacy/for&stry, agriculture, agricultural engineering 
and topography, mathematical and physical sciences, rfgtural sciences (with 
three subdivisions, biology, chemistry, physics, crystallography, bio- 
chemistry and microbiology, earth sciences (geology, petrography, geo- 
physics, geography)), military sciences, free subjects x 

Except for the last two sections, the duration of the course is four years. 
It is followed by compulsory practical training periods, lasting eighteen 
months for pharmacy, thirteen months for forestry, twelve months for archi- 
tecture and agriculture and Six months for mechanical engineering and 
electrical engineering, . # / , 

• ' ':fu) 
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Technician engineers graduating from higher technical colleges (£7*S] 
Basic education at present Xak^s one *of the following two forms on comple- 
tion of nine years' .compulsory education ending at the age of 16 years 
either four years at a vocational school or four years apprenticeship. . 

A study is'currently being conducted for the introduction of a technical 
secondary-school leaving certificate , 

After this preliminary education, the future technician engineer takes an 
entrance examination for a higher technical college, where the course lasts 
three years, plus a semester for the preparation of a terminal thesis. Alterna-* 
tively, technician engineers can be educated by attending evemrtg classes at 
the sa/ne colleges for fifteen to twenty hours a week duung five years 

Technicians - , • 

Technicians are educated in private schools, and through the programme for^ 
social and vocational advancement of skilled workers, After nir?e years' 
compulsory education, a technician may choose one of the following forms* of 
education and training either four years' apprenticeship in a school or a firm, 
followed by a four- or five-year part-time courss at an evening school (tech- 
n,kum) t or three or four years apprenticeship^ followed by a one-arid-a-half- 
year course in a specialized vocational school, or three to "five years practical 
training, followed by a one-year full-time course preparing for the diploma 
examination 

The federal law on vocational education regulates the diplomas awarded 
by the higher technical colleges (ETS) " ' 

A register of engineers, architects and technicians was set up in 1951 to 
regulate the use of professional designations and to list ail Swiss techndlogists 
including technicians. The training acquired by non-graduates was inspected 
by an ad hoc "commission. 

In 1966 the register bacame the Fondatton des Registres Suisses (REG), 
responsible for keeping registers for the following categories, engineers and 
architects, technician engineers and technician architects, and technicians. 
The foundation is a private professional institution 1 , , 

The holders of diplomas awarded by recognized establishments may be 
enrolled, simply by so requesting, on the corresponding register. 

Jhe two .federal.polylechmcs of Zurich and Lausaone come under the 
federal. Department of the lntenor,,whereas the eight universities of Geneva, 
Lausanne, Fnbourg. Neuch£tel, Berne, Basle. Zurich and St Gallen come' 
^nder their respective carrtonal governments and. generally speaking, under 
t^eir departments of education Both types of institution enjoy fairly wide 
autonomy Polytechnics are placed under the supervision. of the Schools 
Council which maintains haison between the federal government and th6 
heads of schools The Confederation makes grants to cantonal universities. 

* 

1 Affo».it<Kl to th* rogistfli in 1951 w#r*> two professional isAOd.iitons th*> Soaetv of Engineers and Architects 
(SlAj and the unron Techn*qye Suisse iUTSj whose members hid t>f>en earned M 9 technikurv $ type 
(j* ht>oi Mating at the time but subsequently changed to techn*cn coiiegos eward>ng the do-pree of 
technro^n engineer The translation o* mq+ntmr technrcrtn tnto G^m,in a* inqenttur Techn/ker and not 
as Tp<hn>$i.h* /r>Qt>nreur dtspleased the horde's of this quaiihvalron with the result that UTS refused to 
fO«n the Fondati-On des Reqtstres m 1966. 
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In the^cSse ofpolytechnics, curricula are cfrawn up by.the»r various facultie's 
or sections, and' are approved by the Schools Coun,cii. which also supervises 
their application ~ / 

The detailed curricula are drawn up by the Conference of Faculties! consist- 
ing of professors, lecturers, assistants and, more recently, students as well. 
The eighteen higher technical colleges (ETS) receive.substantial grants from 
the Confederation. They are, however, cantonal an<T come under the super- 
vision of the appropriate ftantonal department, but the federal government 
lays down requirement as to curricula and'co-ordination between schools. « 
The curricula are drawn up by the cantonal authorities in agreement with the 
Office F6d6ral de Industrie, dps Arts et fytetiers et # du Travail (OFIAMT), 
the federal department of vocational education. 

Industry is represented on the varjpus supervisory councils and commis- 
sions in addition, a large number of teachers cbme from industry, which • 
finances part of the research work conducted in research institutes and stations. 

The 'fact that students from higher tethnical colleges (ETS) h^ve often 
spent four years on practical training in industry gives industry a de facto role 
in t-he education provided by.technical colleges 

Industry participates actively in continuing education and the organization 
of practical training periods. Both self-educated techno!ctgist$ and middte- 
level stSff may apply to be enrolled on higher registers by giving proof of 
their*ability in an e,\amination. Continuing education is organized either by 
schools, professional associations or industry. 

TechnA^ian engineers from higher technical colleges (ETS) are entitled to 
enter polytechnics on passing an examination in general education 

As the Soci£t6 des IngSnieurs et Architectes includes both engineers and 
architects, there is virtually no distinction between architects and civil 
engineers. 

In the polytechnics, engineers are educated to solve interdisciplinary 
problems and to direct operations. In the higher technical colleges, education 
.is more specialized and is oriented to a large; extenTOwards practical work. 

On graduapng. engineers and architects are concerned with interdiscipli- 
nary problems such as land development and the environment in general. 



Drifted Kingdom • 

\ . 

Secondary education in the Uqitecl Kingdom comprises subjects for which the 
GCE (General Certificate of Education) examination can be taken at the 
ordinary level (D- level), around the age of 1*6. and at the advanced level 
(A-level) around the age of 1 8 to 1 9 

The theoretical education of a chartered engineer maybe acquired in one 
of the frvp following ways"' , * * 

1 A scientific secondary education, comprising three O-levels and two 
A levels or one 0 level and three A-levels. followed by ajhree-year full- 
time course or a four year sandwich course (alternating with periods of* 
practical experience in industry) in applied science at a ' university. 
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2 A scientific secondary education, compnsing three 0-levels and- two 
A-levels, followed by a four-year sandwich course m applied science 
taken at a polytechnic 

3 A scientific secondary educatioji, comprising four 0-levels and 6-ne 
A-level, followed by a three-year sandwich pourse taken at a polytechnic 
or certain other college! leading toth^ Higher National Oiploma, which is 

#' then followed by at least one year's full-time preparation fcjr the .second 
* part of .the examination of the Council of Engineering Institutions (CEI). * 

4 A technical secondary education, comprising four 0-leveis, followed by a 
two ye^ part-time course provided by a aumbfcr of colleges, leading* to the 
Ordinal National Certificate", wjiicn is then followed by either a two-year - 
part-time course leading* to the Higher Natio'naJ Certificate, plus at least 

/- / , one year's fulf-time preparation for trie second part oHhe CEI examination, 
or preparation fpr the* first part of the CEI examination, and then at least 
one year's full-time preparation for the second part of the CEI exarnm- 
* atiqn 

5 A technical secondary education, comprising tHree 0-levels, followed by a • * 
, three year part time course provided by a number of colleges, leading to the 

C'ty and Guilds Certificate, v^hich £ then followed by a one^year part- 
r y time course leading to the Cify and Guilds FulMechnolog'ical Certificate, and 

thereafter by preparation for the first part of the CEI examination and at least 
one year s full-time preparation for the second part of the CEI examinaticrn. 

¥ Legal entitlement to tjie qualification of chartered engineer (CJEng.) is. 
4 also conditional on practical training and the holding of a responsible 

appointment fo/ q minimum period of thre^ years. 

The theoretical education of a technician engineer may be acquired after a 
secondary technicaUeducation comprising three 0-levels, followed by three 
years' part, time study at one of a number of colleges, leading to the City and 
Guilds Certificate which is then, followed by one year s part-time study leading 
to the Citysand 'Guilds Full Technological Certificate. \ . 

Legal entitlement to the qualification of technician engineer (T.Eng.-GEI), 
is also conditional on five years' professional practice, including two years 
practical training in accordance with* an approved curriculum, * 

The theoretical education of a technician may be acquired in one of the 
folJowmg ways* w 

1 A scientific secondary education, comprising four 0-levels, followed by a 
two year sandwich course taken at one of a number of colleges, and 
leading to the.Ordinary National Diploma 

2 A technical secondary education, comprising fpur 0- levels,, followed by 
two years' part time study at one of a number of colleges, leading to the 
Ordinary National Certificate 

3 A technical secondary education, comprising three 0-levels, followed by 
three years' part time study at one of a number of colleges, leading to the 
City and Guilds Certificate * 

Legal entitlement to the qualification of technician is also conditional on 
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three years professional practice including two years of practical training in 
accordance with an approved curriculum. 

The essential difference between university and polytechnic courses of 
future chartered engineers is that university courses^ consist mamly of 
theory and projects (practical training comes later during employment), 
whereas at polytechnics, on the contrary, the theoretical education grven is 
immediately pwt into practice, antf thu$ practical training takes place during 
the course, 

$ The institutions affiliated to the CEl have a^supervisory role as regards the 
basic practical training of their future members, who are already graduates. 
This basic practical training varies in importance from one branch to another of 
the profession, but all the institutions agree that it should be as broad as 
possible. 

As regards updating of knowledge, the institutions affiliated to trie CEl 
organize a large number of refresher courses. With regard to qualifying for 
another special branch, an engineer may be.a member of several institutions 
simultaneously, knowledge of the new branch* may be acquiied through 
practice and/or through continuing education. In addition to the traditional 
pattern of continuing education provided by the institutions affiliated to CEl, 
four open universities were set up in January 1 971 and have already Enrolled 
over 3(X>000 students 

Continuing education— so closely associated with education as a whc 
that it is difficult to distinguish between initial education and-continumg ec 
cation as such— is largely facilitated by the general attitude of mdust? 
Day releases (corresponding to one working day) and block releases' 



(exceeding one working day) conside 



ably facilitate continuing education in 
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the form of sandwich courses (courts alternating with practical training 
in industry) Each year more than a 'third of the new Chartered engineers 
qualify through continuing education combined with their professional activity. 

In the United Kingdom, there are a number of industrial training boards, 
including the Engineering Industrial Training Board. The CEl provides 
a link between the, individual engineering institutions and these training 
boards, many of whuch are concerned with one more particularengmeering 
field. This link is maintained at the local level by individual arrangements 
made between training institutions and educational establishments on the one 
hand and firms on the other hand, for example, a polytechnic will contact 
firms in its region, to find %ut which of them are willing to take students 
for the practical part of their education and training. The matter is largely one 
of supply and demand 

The legal qualifications* of chartered engineer (C Eng ), technician 
engineer (T Eng. -CEl) and technician (Techn.-CEl) are obtained by entry in 
the national register of the Engineers Registration Board (ERB) tfvhich is 
managed by the CEl Membership of this register rs subject to the terms of 
the Royal Charter granted to the CEl in its present form in 1971. 

The cntefia for entry in the ttree categories of the ERB register are as 
follows 

*c4 
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For chartered engineers (C.Eng ) 

1 . Minimum age 25. *. 

2. A pass mark in the examination in applied science held by tha CEI in 
accordance with the council's regulations or a pass in any other university 
examination or test accepted by the CEI as being of at least equivalent 
level (the university le\^l of the examinations and tests held or accepted by 
the CEI is not less than that of the Degree in Engineering). 

t " 

3. Practical training jn the engineering profession, or functions which make it 

possible to acquire such training, meeting the practical training' criteria 
established by the CEI member institution and complying with the general 
principles adopted by the CEI. 

4. At least two years' experience in a post considered, by the CEI member 
institution to entail professional responsibility, providechthat the total sum 

j of the period of this professional experience and the period of practical 
training referred to above is not less than three years. . , 

For technic/an engineers (T.Eng.-CE/j 

1. Minimum age: 23. * 

2. Academic qualifications at a level at least equivalent to that of the Ordinary 
National Certificate of The City and Guilds Part ll/Fmal Technicians* 
Certificate, and approved by the Office of the £flB and the CEI (unless 
otherwise decided by the Office and the CEI), 

3. Five years minimum practical training and experience in the engineering 
profession, two of which must have been spent on practical training, both 
experience and training to be recognized by the Office of the ERB and 
the CEI. ' * ' 

* 

For technicians (Techn.-CEf) 

1. Minimum age: 21. 

2. Academic qualifications at a levef at least equivalent to that of the Ordinary 
* National Certificate or the City and Guilds Part ,11/ Final Technicians' 

Certificate, and approved by the Oftice of the ER8 and the CEI (unless 

otherwise.decided by the Office and the CEI). 

* * 

3. A minimum of three years practical training and experience in the technical 
' held, two years of which should have beep spent on practical training 
)y recognized by the Office of the ERB and the CtL 

^ Educational policy at'the universities, polytechnics and other colleges is the 
responsibility of the Department o(JEducation and Science. The universities 
are fairly independent of the cential authorities, the mam tie being a financial 
one, though not. always a direct one. For example, there is a University 
Grants Council, responsible to the Department of Education and Science, 
which supervises the financing of universities, without the latter being directly 
responsible to tr\e department on that account. ' 
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Curricula are not laid down in detail, the mam control being on the level of 
education and competence, froth academic and practical, which is acquired. 
General supervision of education is ensured by the Department of Education 
and "Science 

In the United Kingdom there is no legal dividing-line between the profes- 
sions of engineer and architect, although there are different functions which 
only one or the other can undertake. For example, the building of reservofts 
and dams can only be undertaken by engineers who are on a special register. 
Inlhe building industry, contracts are drawn up^ther by the Institute of Civil 
Engineers or by the Royal Institute of Britis^h ArcKft^feis, depending on the 
type pf contract. * 

The somewhat singular situation whicn exists in^the United Kiragdom calls 
forthe following cements. 

.f. A remarkable dtfterence of approach will be noted between the British 
m system and the Continental-type system, particularly as regards.* 

(a) The fact that -a degree obtained at an educational institution, such 
as a university, does not automatically confer the right to use a pro- 
fessional title, besides the degree, practical training and the holding 
of a post of responsibility for a faicly long time are required.* 

(b) The many different ways of entering the profession^ 

(c) The considerable development of continuing education, which is 
closely interwoven w e ith the educational System in general. 

^ (d) The legal role of the CEr, a morfe or I6ss private institution, in theawarfl- 
rng of professional qualiteatioris. % 

2 The scientific secondary education ^of a .chartered engineer referred 
to above completed* at the age of 18 to 19 may bte assimilated to the 
corresponding fcontlnfcntal education" The chartered engmeer'must then 
obtain a university degree, either after a three-year full-time course or -by 
means-of sandwich courses spread over four years, and thereafter must first 
undSrgo a basic practical training and then holtf a post of responsibility for 
a period of at least three years. Although there is no formal correspondence 
between this type of training and the criteria for the conception category, 
it is reasonable to assimilate It thereto". * / * 

Similarly, \fa technicta'n engineer can be assimilated to a liaison tech- 
nologist and the technician to an execution technician. 
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